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ABSTRACT		 In	 this	 dissertation,	 multi	 safety	 leachate	 control	 system	 by	 the	 hybrid	adsorbent	is	carried	out.	This	dissertation	consists	of	seven	chapters	that	cover	the	goals	 of	 the	 research	 purpose,	 an	 advance	 application	 of	 new	methods	 for	 landfill	leachate	treatment.		 In	Chapter	1,	background	of	study,	a	rising	in	social	concern	and	alternative	technology	 for	 safety	 landfill	 is	 highly	 important.	 The	 amount	 of	 municipal	 solid	waste	 generation	 is	 the	 increasing	 phase	 as	 a	 result	 of	 urbanization	 and	industrialization.	 Therefore,	 a	 landfill	 with	 low	 impact	 waste,	 generating	 less	pollution	 is	 highly	 concerned.	 There	 are	 many	 researches	 on	 landfill	 leachate	treatment	 and	 effectiveness	 of	 contaminating	 in	 lining	 system	 in	 which	 of	 heavy	metals,	most	in	cations	treatment,	and	water	quality	parameter	(COD,	Total-N,	Total-P,	 etc.).	 However,	 a	 few	 researches	 on	 anionic	 removal	 are	 usually	 found	 in	individual	study	(only	cationic	or	anionic)	in	which	the	actual	situation	is	difficult	to	separate.	 In	 this	 study,	 leachate	 treatment	 by	 using	 the	 hybrid	 adsorbent	 is	introduced.	 Feasibility	 on	 applying	 the	 new	 hybrid	 adsorbent	 is	 evaluated	 and	discussed	through	the	ions	adsorption	and	related	to	landfill	requirement	criteria.			 In	Chapter	2,	principle	of	waste	disposal	landfill	site	and	problem	analysis	of	landfill	 site	 in	 Japan	 are	 reviewed.	 Basically,	 the	 final	 management	 of	 waste	 is	 to	dump	 into	 landfill	 site	 since	 landfill	 site	 is	 the	 simplest	 and	 the	 costless	 method.	Leachate	 is	 defined	 as	 is	 the	 liquid	 that	 drains	 from	 a	landfill.	 It	 varies	 widely	 in	composition	regarding	the	age	of	the	landfill	and	the	type	of	waste	that	it	contains.	It	usually	 contains	 both	 dissolved	 and	 suspended	 material.	 In	 Japan,	 80	 percent	 of	dumping	waste	originates	from	incineration	process	called	fly	ash,	which	consists	of	high	 concentrations	 of	 inorganic	 compounds	 which	 is	 not	 suitable	 to	 biological	treatment	process.	Moreover,	 regarding	 to	a	 limited	of	 land	use	 for	 landfilling	and	intensive	 in	 wastewater	 discharge	 an	 advance	 system	 is	 needed.	 From	 chemical	treatment	 process	 approach,	 it	 is	 pointed	 out	 that	 chemical	 process	 is	 reasonable	and	functional	to	deal	with	landfill	leachate	in	this	case.			
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	 In	 Chapter	 3,	 proposed	 control	 systems	 for	 multi	 safety	 landfill	 leachate	treatment	are	described	as	a	design	concept.	According	to	landfill	in	Japan	is	stated	as	safety	landfill	is	a	new	challenge	in	recently	years.	In	this	study,	introduction	of	a	synergy	 effect	 of	 the	 hybrid	 adsorbent	 to	 apply	 to	 leachate	 control	 system	 is	described,	 the	using	of	 the	hybrid	 adsorbent	mixed	with	 sand	 in	 the	middle	 cover	layer,	 the	 using	 of	 the	 hybrid	 adsorbent	 in	 leachate	 pretreatment	 to	 adsorption	process	 and	 leachate	 collection	 pipe	 and	 the	 using	 of	 the	 hybrid	 adsorbent	amendment	 compacted	 clay	 liner	 layer.	 Finally,	 leachate	 quality	 in	 term	 of	 ions	concentration	was	analyzed	by	selecting	high	accuracy	equipment,	 ICP-MS	and	 Ion	spectrometer.			 In	 Chapter	 4,	 the	 first	 proposed	 system,	 the	 hybrid	 adsorbent	 amended	middle	 cover	 layer	 is	 evaluated.	 According	 to	 design	 criteria	 noted	 that	 the	recommendation	of	waste	and	middle	cover	ratio	is	6:1	(heat	loss	15%).	Three	cases,	sand-powdered	 activated	 carbon	 mixes	 (sand-PAC),	 sand-the	 hybrid	 adsorbent	mixes	 (sand-HB),	 and	 pure	 sand	 are	 evaluated	 by	 using	 column	 test.	 Thus,	 the	concentrations	among	of	cations	(As,	Se,	Cd,	Hg,	and	Pb)	are	adsorbed	by	sand-PAC	and	 sand-HB	by	 the	 time.	Moreover,	 the	 concentration	of	 anions	are	 removed	and	controlled	unlike	sand,	which	does	not	have	ability	to	adsorb	ions.	Therefore,	there	are	 possibility	 to	 use	 this	 system	 to	minimize	 a	 harmfulness	 from	 leachate	 and	 to	prevent	a	miscellaneous	which	may	occur.		In	 Chapter	 5,	 the	 second	 proposed	 system,	 the	 hybrid	 adsorbent	 used	 in	adsorption	process	and	leachate	collection	pipe	as	a	filter	is	examined	through	fixed-bed	column	test.	In	order	to	demonstrate	the	behavior	of	ions	adsorption	in	leachate,	one	series	column	and	two	series	columns	are	investigated.	The	results	showed	the	one	 series	 column	 confirmed	 by	 two	 series	 columns,	 the	 ions	 concentration	 is	almost	 twice	 times	 in	 two	 column	 series.	 Finally,	 conclusion	 of	 the	 removal	capacities	of	the	hybrid	adsorbent	to	heavy	metals	in	the	leachate	were	concluded	in	the	order	Hg	>	Pb	>	Cd	>	As	>	Se	and	those	anions	were	in	order	Cr	>	F	>	B	>	SO42-	>	Br	>	NO2-	>	NO3-.	In	conclusion,	there	is	possibility	to	use	the	hybrid	adsorbent	as	an	adsorbent	in	adsorption	process	and	as	a	filter	in	leachate	collection	pipe	as	well.			 In	 Chapter	 6,	 the	 third	 proposed	 system,	 the	 hybrid	 adsorbent	 amended	compacted	clay	liner	is	examined.	The	selecting	percentage	of	mixture	of	adsorbent	of	 6%	was	 applied	 to	 the	 experiment.	 Two	 types	 of	 adsorbent	 were	 used	 in	 this	
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experiment,	 which	 are	 the	 hybrid	 adsorbent	 (HB)	 and	 Na-Bentonite.	 The	experimental	 programs	 consist	 of	 geotechnical	 test	 and	 ions	 adsorption	 test.	 The	result	from	the	standard	compaction	test	(ASTM	698-78)	and	hydraulic	conductivity	test	 are	 informed	 that	 clay-bentonite	 6%	mixtures	 showed	47.5%	of	 the	 optimum	water	 content	with	1.08	g/cm3	of	dry	density	and	K	value	 is	1.5	x	10-8	m/s	and	 in	case	of	HB	found	that	of	52%	of	the	optimum	water	content	with	1.09	g/cm3	of	dry	density	and	2	x	10-8	m/s	of	K	value.	There	is	possibility	to	use	the	hybrid	adsorbent	as	 compacted	 clay	 liner	 like	 bentonite.	 Furthermore,	 adsorption	 test	 through	 raw	leachate	confirmed	the	removal	capacity	of	Clay-HB	mixture	to	heavy	metals	in	the	leachate	 is	 higher	 than	 Clay-Bentonite	 mixture.	 Moreover,	 Clay-HB	 mixture	 is	suitable	for	various	kind	of	ions,	it	shows	a	higher	ability	to	adsorb	anionic	(mostly	inorganic	chemicals)	and	to	control	 ions	concentrations.	The	hybrid	adsorbent	 is	a	new	choice	to	improve	the	efficiency	of	compacted	clay	liner	with	more	safety.		 In	Chapter	7,	concluding	remarks	and	recommendation	for	further	study	are	given.		
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CHAPTER	1	
	
INTRODUCTION			
1.1 	Background	
		 Increasingly	affluent	lifestyle	driving	by	economic	situation	around	the	world,	continuing	industrial	and	commercial	growth	in	many	countries	in	the	past	decade	has	 been	 achieved	 by	 rapid	 increases	 in	 both	 the	 municipal	 and	 industrial	 solid	waste	production.	Comparative	studies	on	the	various	possible	means	of	eliminating	solid	 urban	waste	 (landfilling,	 incineration,	 composting,	 etc.)	 have	 shown	 that	 the	cheapest,	 intern	 of	 exploitation	 and	 capital	 costs,	 is	 landfilling.	 Besides	 economic	advantages,	 landfilling	 minimizes	 environmental	 problems	 and	 other	inconveniences,	and	allows	waste	to	decompose	under	controlled	conditions	until	its	eventual	transformation	into	relatively	inert,	stabilized	material.	So,	the	worldwide	trend	 is	 enhancing	 for	 controlled	 sanitary	 landfilling	 as	 the	 preferred	 means	 of	disposing	of	both	solid	urban	refuse	and	a	large	proportion	of	solid	industrial	waste.	There	 is	 now	 extensive	 scientific	 literature	 on	 the	 collection,	 storage	 and	 suitable	treatment	 of	 its	 highly	 contaminated	 leachate,	 threatening	 surface	 and	 ground	waters.	 Figure	 1.1	 summarizes	 the	 evolution	 of	 main	 published	 researches,	concerning	 landfill	 leachate	 treatment,	 report	 in	 the	 world’s	 journals	 and	 patent	literatures	 since	 1973	 (data	 extracted	 from	 Chemical	 Abstracts).	 It	 indicates	 an	oncoming	 disaster	 that	 the	 amount	 of	 municipal	 solid	 waste	 generation	 is	 in	 the	increasing	phase	because	of	urbanization	and	industrialization.	Therefore,	a	landfill	with	 low	 impact	 waste,	 generating	 less	 gas	 and	 less	 polluted-leachate	 is	 highly	important.	 It	 is	 also	 important,	 because	 the	 landfill-sites	 should	 be	 addressed	 in	densely	 populated	 areas	 due	 to	 the	 land	 crisis	 likely	 to	 come	 in	 the	nearly	 future.	Therefore,	processes	leading	to	considerable	reduction	of	these	complications	sound	imperative.	These	facts	bear	evidences	for	the	importance	of	pretreating	solid	waste	
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before	dumping	on	the	landfills.	However,	there	are	several	technologies	that	aim	to	solve	 the	 problems	 for	 landfilling.	 Barlaz	 et	 al.,	 (2002)	 pointed	 out	 that	 a	 landfill	would	 reach	 a	 stable	 state	 more	 rapidly	 thus	 permitting	 a	 decrease	 in	 the	 post	closure	 monitoring	 operation	 of	 landfills	 as	 bioreactors.	 Currently,	 various	 waste	pretreatments	such	as	source	separation	of	the	putrescible	fraction	and	mechanical	biological	 treatment	 of	Municipal	 Solid	Waste	 (MSW)	 are	 increasingly	 carried	 out	before	 its	 disposal	 as	 landfill.	 Recently,	 simultaneous	 adsorption	 and	 biological	treatment	has	been	tested.	For	instance,	Kargi	and	Pamukoglu	(2004)	reported	that	pre-treated	 leachate	 (coagulation-flocculation	 and	 air	 stripping	 of	 ammonia)	 was	subjected	to	biological	treatment	in	an	aeration	tank	operated	in	repeated	fed-bath	mode	 in	 the	 presence	 of	 adsorbent	 (PAC	 and	 powered	 zeolite).	 As	 Aziz	 et	 al.	addressed,	 90%	 of	 Fe	 could	 be	 removed	 from	 semi-aerobic	 landfill	 leachate	 by	limestone	filter,	based	on	retention	time	of	57.8	min	and	surface	loading	of	12.2	m3	m-2	day-1.	Research	supported	by	McAllen	and	Rock	research	already	concluded	that	filtration	through	peat	can	be	used	only	as	a	pre-treatment	process	to	reduce	metal	concentrations	prior	to	a	conventional	treatment.	Finally,	limestone	has	been	proven	to	be	effective	in	removing	metals	from	wastewater.	Though,	landfilling	is	the	most			
	
	
Figure	1.1	Evolution	of	published	works	concerning	landfill	leachate	treatment	
since	1973	
source:	Chemical	Abstracts		
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common	 option	 of	 municipal	 solid	 waste	 disposal	 in	 current	 practice,	 it	 leads	intensive	pollution	potential	to	soil	surface	and	ground	water	in	the	form	of	highly	polluted	leachate.	The	sanitary	landfills	are	responsible	for	hazards	associated	with	the	indiscriminate	dumping	of	wastes.	The	health,	safety	and	aesthetic	problems	are	encountered	 at	 sanitary	 landfilling	 including	 the	 presence	 of	 rodents,	 flies,	 fringe	and	 odors.	 In	 that	 sense,	 the	 risk	 of	 leachate	 quality	 and	 quantity	 seems	 to	 be	 a	critical	 factor.	When	leachate	reaches	the	water	table;	 it	mixes	and	moves	with	the	ground	water.	 The	 net	 result	 of	 leachate	 reaching	 the	 ground	water	 is	 a	 leachate	plume.	Many	 contaminants	 are	 there	with	 leachate,	which	 can	 deteriorate	 surface	water.	The	biodegradable	organics	10	in	the	leachate	exert	an	oxygen	demand	on	the	receiving	water.	Leachate,	which	 is	rich	 in	nutrients,	may	cause	 the	eutrophication	rate	to	significantly	increase	causing	flora	such	as	algae	to	spread	vastly	covering	the	entire	 water	 body	 on	 a	 wide	 range	 of	 aquatic	 life.	 Leachate	 control	 should	 be	planned	 during	 landfill	 development	 rather	 than	 after	 the	 construction	 of	 the	landfills.	The	control	strategies	can	be	categorized	in	the	following	way.	1.	Reducing	the	quantity	of	leachate	(minimize	water	infiltration)	2.	Collecting	the	leachate	by	discharging	a	watercourse	where	disposal	does	not	create	a	problem	or	treatment	of	leachate	prior	to	discharge.	Sharma	et	al.	 (2002)	pointed	out	 that	 the	disposal	of	MSW	by	combustion	or	 land-	filling	 was	 neither	 environmentally	 desirable	 nor	 economical.	 Sheng	 et	 al.	 (1997)	reported	 that	 the	 development	 of	 integrated	 solid	 waste	 management	 programs	which	included	recycling	and	in	some	cases,	combustion	had	led	to	a	decrease	in	the	use	 of	 landfill.	 On	 the	 other	 hand,	 the	 solid	 wastes	 from	 industries,	 commercial	activities	 and	 household	wastes	 are	 growing	 by	 about	 several	 percent	 per	 annum	leading	the	necessity	of	doubling	disposal	facilities	by	the	years	to	come.	Therefore,	there	is	a	limit	to	the	types	of	wastes	that	can	be	recycled	and	incinerated.			 As	 Sheng	 et	 al.	 (1997)	 pointed	 out	 that	 incineration	was	 not	 the	 solid	waste	management	alternative	of	choice	for	many	communities,	land	filling	is	unable	to	be	entirely	 removed	 from	 the	 current	 system.	 Accordingly,	 the	 contradictory	phenomena,	 the	 idea	of	a	sort	of	environmentally	sound	 landfills	 is	apparent	 to	be	favorable	 solution.	 Since	 three	 decades	 ago,	 the	 environmental	 impact	 of	 waste	disposal	by	landfills	has	been	getting	more	and	more	concerned.	This	has	made	the	landfill	convert	from	“rule	of	thumb”	disposal	method	into	a	technology.		
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	 Witerton	(2002)	addressed,	the	role	of	landfill	will	always	underpin	any	waste	strategy,	 providing	 as	 it	 does	 a	 disposal	 outlet,	 which	 often	 no	 other	 option	 can	provide.	 Further,	 it	 is	 not	 only	 in	 this	 context	 the	 best	 practicable	 environmental	option,	 it	 is	 often	 the	 only	 remaining	 one	 and	 its	 sustainability	 is	 enhanced	 by	 its	ability	to	recycle	land	comprising	previous	mineral	extraction	and	generating	energy	from	 landfill	 gas.	 Sealing	 landfilling	 surrounding	 environment	 to	 prevent	contamination	and	 fencing	to	control	spreading	dirt	 from	sites	 to	public	roads	and	surrounding	 area	 are	 in	 usual	 practice.	 The	 practice	 of	 on-site	 leachate	 treatment	and	biogas	generating	systems	are	becoming	popular	too.	Anaerobic	digestion	of	the	organic	fraction	of	MSW	affects	great	potential	and	many	of	processes	are	now	being	considered	at	commercial	level.	In	addition,	nowadays,	pre-treatment	of	solid	waste	prior	 to	 disposal	 is	 becoming	 popular	 worldwide.	 As	 examples,	 improvement	 of	MSW	quality	 for	 land	 filling	 by	means	 of	mechanical–biological	 pre-treatment	 has	been	experienced	by	 	Zach	(2000),	Leikam	et	al.	 (1990)	and	Fabrizio	et	al.	 (1990).			 Chemical	process	as	one	of	the	primary	treatment	method	usually	occupied	to	landfill	 site,	 which	 combine	 with	 biological	 methods.	 Basically,	 wildly	 known	adsorbent	 as	 activated	 carbon	 in	 powder	 or	 granular	 form.	 Activated	 carbon	 is	generally	 considered	 as	 a	 universal	 adsorbent	 for	 the	 removal	 of	 diverse	 types	 of	aquatic	pollutants	especially	organic	pollutants.	However,	it	shows	poor	adsorption	towards	anionic	pollutants.	The	hybrid	adsorbent	is	introduced	against	an	inferior	of	activated	 carbon,	 Nano-size	 Layered	 Double	 Hydrotalcite	 (NLDH)	 one	 of	 the	materials	 of	 the	 hybrid	 adsorbent	 constitute	 an	 important	 class	 of	 inorganic	materials	 with	 desirable	 properties	 to	 remove	 anionic	 pollutants.	 Furthermore,	cationic	 and	 anionic	 successfully	 removed	 by	 the	 hybrid	 adsorbent	Juengjarernnirathorn	et	al.	(2014).																																																												
1.2	Research	objectives	and	scope	of	study	
		 Solid	waste	is	an	important	issue	in	both	developed	and	developing	countries	being	 associated	 with	 serious	 long-lasting	 feedbacks	 when	 it	 is	 not	 properly	processed	 to	 neutralize	 its	 negative	 potential.	 Many	 systems	 were	 introduced	 to	solve	 this	 problem.	 However,	 some	 problems	 remain	 and	 are	 difficult	 to	 solve.		
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Furthermore,	 high	 safety	 landfill	with	 low	 impact	 is	 a	 new	 challenge.	 Focusing	 on	leachate	 controlling	 and	 prevention	 system,	 chemical	 treatment	 is	 one	 of	 popular	method,	 showing	high	 efficiency	 and	 requires	 less	 space	 compared	with	biological	method.	 To	 introduce	 treatment	 of	 toxic	 substances	 and	 heavy	 metal	 three	 main	methods	 are	 proposed	 for	 leachate	 controlling	 and	 leachate	 prevention	 system.	These	consist	of	leachate	adsorption	by	the	hybrid	adsorbent	as	primary	treatment,	application	 of	 hybrid	 adsorbent	 as	 temporary	 cover	 soil	 between	 each	 dumping	waste	layer	cell,	and	improvement	of	liner	layer	by	the	hybrid	adsorbent.	To	provide	essential	 information	 for	 leachate	 controlling	 and	 prevention,	 the	 studies	 on	 the	hybrid	and	various	functional	use	are	performed	in	the	research.		 The	destination	of	this	research	is	to	investigate	and	clarify	the	function	use	of	the	hybrid	adsorbent	for	leachate	treatment	use.	To	achieve	the	goal	of	this	research,	the	specific	objectives	achieved	are	listed	below.	
• To	investigate	an	advance	benefit	of	the	hybrid	adsorbent.	
• To	study	on	application	of	the	hybrid	adsorbent	with	leachate	control	system	
• To	study	advance	multi	safety	system	to	landfill	leachate	control	system	
• To	introduce	an	alternative	way	for	leachate	leakage	prevention	method				
1.3 	Outline	of	the	thesis	
	 In	 Chapter	 2,	 waste	 disposal	 landfill	 site	 and	 leachate	 characteristics	 are	discussed.	General	information	of	waste	disposal	landfill	site	as	a	basic	of	standard	of	waste	 disposal	 dumping	 site	 is	 described	 including	 significant	 of	 waste	 disposal	landfill	site.	As	harmful	substances	exist	in	leachate	from	waste	disposal	landfill	site,	generally	of	composition,	affecting	factors	to	the	quality	of	leachates,	classification	of	leachate,	and	water	balance	in	waste	disposal	landfill	site	are	informed.	Backgrounds	on	waste	disposal	 landfill	 site	 in	 Japan	as	well	 as	waste	management	and	 leachate	prevention	system	in	Japan	are	summarized	to	give	an	understanding	and	an	idea	on	landfill	 leachate	 treatment	 and	 prevention	 system	 in	 Japan.	 Landfill	 leachate	treatment	 system	 are	 discussed.	 Advantage	 and	 disadvantage	 of	 each	 treatment	
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systems	are	described	as	an	engineering	viewpoint.	Then,	the	problems	analysis	of	waste	disposal	landfill	site	in	Japan	is	reviewed	to	understand	to	the	status	of	waste	disposal	 problems	 in	 Japan	 and	 an	 issue	 raised	 by	 waste	 landfill	 and	 it	countermeasures	are	summarized.	In	Chapter	3,	new	systems	for	landfill	leachate	treatment	by	using	the	hybrid	adsorbent	 are	 informed.	 In	 term	 of	 the	 adsorbent	 use,	 a	 synthesis	 of	 the	 hybrid	adsorbent	is	described.	And,	new	systems	for	landfill	leachate	pollution	control	were	described,	consisting	of	an	application	of	 the	hybrid	adsorbent	as	temporary	cover	soil	 layer	 between	 dumping	 waste	 cells,	 leachate	 treatment	 using	 adsorption	process,	 leachate	 collection	 pipe	 filtered	 by	 using	 the	 hybrid	 adsorbent,	 and	improvement	of	liner	layer	by	hybrid	adsorbent.		In	Chapter	4,	an	application	of	the	hybrid	adsorbent	as	temporary	cover	soil	layer	between	dumping	waste	cells	is	gone	in	details.	General	information	of	landfill	waste	dumping	site	in	Japan	and	the	characteristics	of	dumping	waste	are	informed.	Furthermore,	the	experimental	method	of	lab-scale	column	test	is	indicated.	In	 Chapter	 5,	 leachate	 treatment	 by	 the	 hybrid	 adsorbent	 in	 adsorption	process	is	described.	In	this	session,	continuous-flow	treatment	as	fixed	bed	method	is	conducted	to	understand	the	behavior	of	hybrid	adsorbent	with	each	element	one	series	and	two	series	columns	are	used.	Moreover,	the	use	of	the	hybrid	adsorbent	in	adsorption	process	and	filter	material	in	leachate	collection	pipe	are	discussed.		In	Chapter	6,	improvement	of	liner	layer	by	hybrid	adsorbent,	characteristics	of	 clay	 liner	 layer,	 the	 hybrid	 adsorbent	 amended	 clay,	 and	 interaction	 between	dumping	waste	 and	 feasibility	of	 applying	 the	hybrid	 adsorbent	 to	 clay	 liner	 layer	are	introduced.	The	adsorbent	used	as	the	same	function	as	bentonite	in	compacted	clay	 liner	 layer	 was	 investigated,	 focusing	 on	 leachate	 quality	 and	 hydraulic	conductivity	value	controlled	by	the	regulation	of	construction	of	landfill	compacted	clay	liner	is	also	proved.		The	concluding	remarks	and	recommendation	for	 further	study	are	given	in	the	last	chapter.					
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CHAPTER	2	
	
WASTE	DISPOSAL	LANDFILL	SITE;	CHARACTERISTICS	OF	LANDFILL	
LEACHATE	AND	LEACHATE	TREATMENT	METHODS	
	
	
2.1	Introduction	
	 The	generation	of	municipal	solid	waste	(MSW)	is	inevitable	in	the	day-to-day	activity	 of	 humans.	 As	 humans	 strive	 to	 keep	 the	 environment	 clean	 to	 avoid	infectious	 diseases	 from	 bacteria	 and	 viruses	 by	 dumping	 solid	waste	 in	 landfills,	they	 create	 yet	 another	 environmental	 problems.	 Decomposing	 waste	 within	 the	landfills	 generates	 greenhouse	 gases	 (methane	 and	 carbon	 dioxide)	 as	well	 as	 the	production	of	a	liquid	known	as	leachate	when	precipitation	infiltrates.	Leachate	is	highly	polluted	due	 to	 high	 content	 of	 ammonium	 ions,	 heavy	metals,	 and	organic	compounds	(Welander	U.,	1998).	When	leachate	move	downwards	from	landfill	into	groundwater	 table	 as	 a	 result	 of	 infiltrated	 precipitation,	 ground	 water	 gets	contaminated	 likewise	 if	 the	waste	 is	 buried	below	 the	water	 table;	 ground	water	becomes	contaminated	after	leaching	compounds	from	it	(Fetter	C.W.,	2001).	Since	ground	water	and	surface	water	are	the	source	of	our	portable	water,	they	 should	 be	 protected	 from	 such	 pollutants	 otherwise	 the	 cost	 of	 treating	drinking	water	will	 rise	and	 the	 life	of	biodiversity	 in	surface	water	bodies	will	be	endangered.		Landfill	 site	 technology	 in	 Japan	has	many	advanced	 facilities	 for	 treatment	and	disposal	but	it	had	many	problems	in	the	past	and	still	has	problems.	Japan,	who	has	more	than	1,800	incineration	plants	and	2,200	landfill	sites	for	municipal	solid	waste	 (MSW)	management,	has	various	experiences	 concerning	 the	 treatment	and	the	disposal	of	MSW.	Instead	of	introducing	the	treatment	of	MSW	in	Japan,	a	history	of	 MSW	 management	 is	 briefly	 introduced,	 because	 disposal	 of	 MSW	 caused	pollution	problems	for	long	term	and	officers	and	engineers	had	been	requested	to	
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establish	 a	 pollution-less	 treatment	 method.	 This	 chapter	 focuses	 on	 landfill	leachate,	pollution	potential	and	leachate	treatment,	problem	analysis	of	landfill	site	in	Japan	are	addressed.		
2.2	Characteristics	of	landfill	leachate	
		 One	 of	 the	 common	 pollutions	 generated	 in	 waste	 disposal	 landfill	 site	 is	called	as	landfill	leachate.	Landfill	leachate	is	formed	when	rainwater	infiltrates	and	percolates	through	the	degrading	waste.	The	composition	of	leachate	is	complex,	and	is	influenced	by	waste	disposal	site,	cover	material	used	in	the	landfill,	management	of	 liquid	 and	 gas	 production	 at	 the	 landfill,	 and	 age	 of	 the	 landfill.	 The	 major	pollutants	 contained	 in	 leachate	 are	 biodegradable/non-	 biodegradable	 or	 organic	material,	 ammonia,	and	 inorganic	 salts,	with	anthropogenic	organic	chemical,	 such	as	 phthalates	 and	 other	 endocrine	 disrupting	 compounds,	 becoming	 an	 increasing	concern.	 Because	 of	 the	 variation	 on	 leachate	 competition	 and	 the	 wide	 range	 of	pollutants	contained	in	leachate,	 it	 is	difficult	to	predict	a	treatment	technique	that	will	be	effective	for	leachate.		Over	 20	 years,	 advance	 in	 the	 understanding	 of	 the	 technology	 to	 match	increasingly	strict	discharge	quality	requirements	has	seen	corresponding	advance	advances	in	systems	designed	to	meet	those	requirements.	Modifications	have	taken	account	 of	 the	 transition	 from	 acetogenesis	 to	 methanogenesis	 in	 the	 landfill,	variations	 in	 ambient	 temperature,	 change	 in	 pH,	 the	 need	 for	 nutrient	 removal,	removal	of	pesticides,	reduction	in	toxicity,	etc.		 The	 mechanism	 from	 acetogenesis	 to	 methanogenesis	 occurs	 relying	 on	nitrification	as	the	primary	requirement	to	convert	ammoniacal	nitrogen	to	nitrate	nitrogen.	 This	 brought	 on	 a	 need	 for	 pH	 correction	 in	 the	 treatment	 process	 and	alkalinity	 consumption	 was	 found	 to	 give	 good	 correlation	 with	 stoichiometric	predictions.					
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2.2.1	Typically	and	generally	compositions			 Leachates	 consists	 of	 dissolved	 and	 suspended	 material	 associated	 with	wastes	which	are	discharged	from	the	landfill	and	many	by-products	of	chemical	and	biological	activity	occurring	as	 the	solid	waste	degrades.	The	young	 landfills	 cause	leachate	to	possess	high	dissolved	solid	fraction	and	high	concentrations	of	organic	matter	relative	to	domestic	wastewater.	Trace	amounts	of	hazardous	concentrations	are	 possessed	 by	 leachate	 too.	 One	 of	 its	 characteristic	 features	 is	 an	 aqueous	solution	 in	 which	 four	 groups	 of	 pollutant	 are	 present:	 dissolved	 organic	 matter	(volatile	 fatty	acid	and	more	 refractory	organic	matter	 such	as	humic	 substances),	macro	 inorganic	 compounds	 salt	 of	 (Ca2+,	 Mg2+,	 Na+,	 K+,	 NH4+,	 Fe2+,	 Mn2+,	 HCO3-),	heavy	 metals	 salt	 of	 (Cd2+,	 Cr2+,	 Cu2+,	 Pb2+,	 Ni2+,	 Zn2+),	 and	 xenobiotic	 organic	compounds.	The	wash	out	of	fine	solid	materials	adds	SS	and	turbidity	into	leachate.	The	leachate	from	landfills	contains	a	range	of	organic	and	inorganic	materials	that	have	 been	 washed	 out	 of	 the	 fill.	 The	 nature	 of	 leachate	 is	 divided	 by	 the	 four	categories	 namely:	 physical,	 inorganic	 chemical	 and	 organic	 chemical	 properties,	and	 toxicity	 as	 mentioned	 below.	 Toxicity	 in	 leachate	 is	 mainly	 depend	 on	 heavy	metal	 concentration.	 The	 heavy	 metal	 concentration	 in	 leachate	 is	 usually	considerably	low	and	most	often	it	is	below	the	effluent	standard.	
	
2.2.2	Affecting	factors	to	the	quality	of	leachates	
		 Because	 of	 the	 sequential	 nature	 of	 biochemical	 reaction	 in	 a	MSW	 landfill,	the	 leachate	 coming	 from	 a	 single	 location	 is	 highly	 variable	 over	 time.	 Likewise,	leachate	 varies	 greatly	 from	 location	 to	 location	 as	well.	 Some	 locations	will	 be	 at	one	phase	of	decomposition;	the	others	are	at	a	very	different	stage.	The	leachate	at	the	 bottom	 of	 the	 waste	 is	 to	 some	 degree	 a	 result	 of	 the	 processes	 that	 have	occurred	in	the	waste	above.		 Although	 leachate	 quality	 differs	 from	 one	 municipal	 landfill	 to	 another,	common	 factors	 affect	 the	 composition	 of	 leachate.	 These	 include	 the	 following	(Ehrig,	1989;	Lu	et	al.,	1984;	McBean	et	al.,	1995;	McGinley	and	Kmet,	1984;	Qasium	and	 Burchinal,	 1970;	 Straub	 and	 Lynch,	 1982);	 Age	 of	 the	 landfill,	 solid	 waste	composition,	 depth	 of	 the	 solid	 waste,	 final	 cover	 condition,	 and	 operation	 of	 the	
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landfill	 such	as	water	addition,	 leachate	recirculation,	waste	compaction,	 thickness	of	dumped	layers,	and	rate	of	placement;	
• Climate	variables	such	as	annual	rainfall	and	ambient	temperature;	
• Hydro-geologic	conditions	in	the	vicinity	of	the	landfill	site;	and	
• Conditions	within	 the	 landfill	 such	 as	 chemical	 and	 biological	 activities,	moisture	content,	temperature,	pH,	and	the	degree	of	stabilization.			 The	composition	of	the	leachate	is	an	indication	of	the	state	of	the	biological	processes	occurring	within	the	waste	body	and	the	solubility	of	the	ions.	If	leachate	is	to	be	removed	and	treated	certain	parameters	will	have	particular	environmental	and	 economic	 significance.	 This	 significance	 will	 change	 with	 the	 route	 for	treatment/disposal	chosen.			
2.2.3	Water	cycle	in	a	landfill	
		 The	two	factors	characterizing	a	 liquid	effluent	are	the	volumetric	 flow	rate	and	the	composition	which	in	the	case	of	leachate	are	related.	Figure	2.1	shows	the	illustration	 of	 water	 cycle	 in	 a	 landfill.	 Leachate	 flow	 rate	 (E)	 is	 closely	 linked	 to	precipitation	(P),	surface	run-off	(R),	and	infiltration	(I)	or	intrusion	of	groundwater	percolating	 through	 the	 landfill.	 Landfilling	 technique	 (waterproof	 covers,	 liner	requirements	such	as	clay,	geotextiles	and/or	plastics)	remains	primordial	to	control	the	 quantity	 of	 water	 entering	 the	 tip	 and	 so,	 to	 reduce	 the	 threat	 pollution.	 The	climate	has	also	a	great	influence	on	leachate	production	because	it	affects	the	input	of	 precipitation	 (P)	 and	 losses	 through	 evaporation	 (EV).	 Finally,	 leachates	production	depends	on	the	nature	of	the	waste	itself,	namely	its	water	content	and	its	degree	of	compaction	into	the	tip.	The	production	is	generally	greater	whenever	the	waste	is	less	compacted,	since	compaction	reduces	the	filtration	rate	(Lema	et	al,	1988).		 A	knowledge	of	the	likely	leachate	generation	of	a	landfill	is	a	prerequisite	to	the	 planning	 of	 a	 leachate	 management	 strategy.	 An	 assessment	 of	 the	 leachate	generation	 rate	 cannot	 be	 prepared	 in	 the	 absence	 of	 a	 phasing	 plan.	 An	understanding	 of	 the	 likely	 potential	 for	 leachate	 generation	 is	 essential	 at	 the	conceptual	 design	 stage.	 Water	 balances	 are	 used	 to	 assess	 likely	 leachate	generation	 volumes.	 Parameters	 used	 include	 waste	 volumes,	 input	 rates	 and		
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Figure	2.1	Water	balance	of	the	landfill	Source:	Lema	et	al.	(1988)		adsorptive	 capacity,	 effective	 and	 total	 rainfall,	 infiltration	 and	 other	 site	parameters.	As	the	landfill	design	progress,	the	calculations	should	be	refined.	As	a	minimum,	a	simple	water	balance	calculation	should	be	undertaken	twice	yearly,	to	check	whether	there	has	been	any	 increase	 in	 leachate	production.	The	calculation	should	be	of	the	form	(EPA,	2000);		 Lo	=	[ER(A)+LW	+	IRCA	+	ER(I)]	–	[aW]																																			(2.1)		Where;	Lo		 =	leachate	produced	(m3)	ER		 =	effective	rainfall	(use	actual	rainfall	(R)	for	active	cells)	(m)	A	 =	area	of	cell	(m2)	LW		 =	liquid	waste	(also	includes	excess	water	from	sludge)	(m3)	IRCA	 =	infiltration	through	restored	and	capped	areas	(m3)	I	 =	surface	area	of	lagoon	(m2)	a		 =	adsorptive	capacity	of	waste	(m3/t)	W	 =	weight	of	waste	deposited	(t)		
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	 A	water	balance	calculations	should	be	carried	out	for	many	of	scenarios	such	as	average	monthly	leachate	volumes	generated,	the	maximum	quantity	of	leachate	generated	during	development	using	2	 and	5	days’	 rainfall	 events	with	10	 and	25	years	 return	 periods.	 These	 calculations	will	 assist	 in	 predicting	 the	 likely	 rate	 of	leachate	 generation.	 However,	 site	 conditions	 will	 influence	 the	 actual	 rate	 of	generation	 and	 a	 peak	 flow	 factor	 of	 3	 to	 5	 times	 the	 predicted	 average	 flow	 rate	should	be	used	when	sizing	plant/pipework.		
2.2.4	Classification	of	leachate	
	 The	 basic	 processes	 of	 waste	 decomposition	 affect	 the	 quality	 of	 leachate.	McBean	 et	 al.	 (1995)	 noted	 that	 decomposition	 in	 waste	 dumping	 site	 have	identified	three	stages:	Stage	I:	Aerobic	decomposition	occurs	rapidly,	typically	for	a	duration	of	less	than	one	month.	Once	available	oxygen	within	the	waste	is	used	up	(except	near	the	surface),	this	phase	of	decomposition	terminates.	Stage	II:	Anaerobic	and	facultative	organisms	(acetogenic	bacteria)	hydrolyze	and	 ferment	 cellulose	 and	 other	 putrescible	materials,	 producing	 simpler,	 soluble	compounds	 such	 as	 ammonia	 and	 volatile	 fatty	 acids	 which	 produce	 a	 high	biochemical	oxygen	demand	(BOD)	value.	Stage	 III:	 Slower-growing	 methanogenic	 bacteria	 gradually	 become	established	and	start	to	consume	simple	organic	compounds,	producing	the	mixture	of	 carbon	 dioxides	 and	 methane	 (plus	 various	 trace	 constituents)	 that	 constitute	landfill	gas.	This	phase	is	more	sensitive	than	Stage	II.	According	to	addressing	by	McBean	et	al.	(1995),	the	transition	from	Stage	II	to	Stage	III	can	take	many	years	and	may	not	be	completed	for	decades.	Sometimes	it	is	never	completed.	However,	some	wastes	have	been	known	to	reach	Stage	III	in	a	few	months.	Therefore,	Alvarez-Vazquez	et	al.,	2004;	Chian	and	DeWalle,	1976,	given	a	 guideline	 to	 classify	 landfill	 leachate,	 summarized	 in	 Table	 2.1.	 Young	 leachates	typically	have	high	in	biodegradable	organics.	As	a	landfill	ages,	its	content	degrades	and	 produce	 more	 complex	 organics	 and	 inorganics,	 that	 are	 not	 so	 readily	amenable	 to	 biodegradation.	 Characteristics	 of	 leachate	 produced,	 as	 well	 as	differences	 in	 the	 quality	 of	 leachate	 generated,	 by	 municipal,	 co-disposal,	 and	
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hazardous	 waste	 landfills	 have	 been	 documented	 (USEPA,	 1988).	 In	 general,	 the	collected	data	shows	that	considerably	higher	concentrations	of	many	chemicals	are	found	in	the	leachate	of	hazardous	waste	facilities	although	the	same	chemicals	are	routinely	 detected	 at	 both	municipal	 and	 hazardous	 waste	 landfills.	 In	 particular,	chemicals	 such	 as	 1,1,1-trichloroethane,	 trichloroethylene,	 vinyl	 chloride,	chloroform,	 pesticides,	 and	 PCBs	 occur	 with	 greater	 frequency	 and	 at	 higher	concentrations	in	leachates	at	hazardous	waste	landfills	than	at	municipal	facilities.																																																																																																											
Table	2.1	Classification	of	landfill	leachate	according	to		
the	composition	changes			
Type	of	leachate		 	 Young	 	 	 Intermediate		 	 Stabilized	Age	(years)		 	 	 <5	 	 	 	5–10		 	 	 >10	pH		 	 	 	 <6.5	 	 	 	6.5–7.5		 	 >7.5	Biodegradability		 	 Important	 	 Medium		 	 Low	Kjeldahl	nitrogen	(g/L)		 	 0.1–0.2			 	 –		 	 	 –	Ammonia	nitrogen	(mg/L)	 <400		 	 	 –		 	 	 >400	TOC/COD		 	 	 <0.3		 	 	 0.3–0.5			 	 >0.5	Heavy	metals	(mg/L)		 	 Low	to	medium			 Low	 	 	 Low	BOD5/COD		 	 	 0.5–1.0			 	 0.1–0.5			 	 <0.1	COD	(mg/L)		 	 	 >10,000		 	 4,000–10,000		 	 <4000			 Source:	Alvarez-Vazquez	et	al.	(2004);	Chian	and	DeWalle	(1976).		Refer	to	the	explanation	by	McBean	et	al.,	1995,	leachates	generated	during	Stage	III	are	often	referred	to	as	“stabilized,”	but	at	this	stage	the	landfill	is	biologically	at	its	most	 active	 level.	 A	 dynamic	 equilibrium	 is	 eventually	 established	 between	acetogenic	 and	methanogenic	 bacteria,	 and	waste	 continue	 to	 actively	 decompose.	Leachates	produced	during	Stage	III	are	characterized	by	relatively	low	BOD	values	and	low	ratios	of	BOD	to	COD.	However,	ammonia	nitrogen	continues	to	be	released	by	 the	 first-stage	 acetogenic	 process	 and	 is	 present	 at	 high	 levels	 in	 the	 leachate.	Inorganic	substances	such	as	salts	of	 iron,	sodium,	potassium,	sulfate,	and	chloride	may	continue	to	dissolve	and	be	leached	from	the	landfill	for	many	years.			
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2.3	Landfills,	pollution	potentials	and	leachate	treatment		
		 An	 engineered	 landfill	 is	 a	 controlled	method	of	waste	disposal.	 The	 site	 of	the	 landfill	 must	 be	 geologically,	 hydrologically,	 and	 environmentally	 suitable.	Generally,	 landfills	 are	 semi-natural	 terrestrial	 ecosystem	 reconstructed	 on	 lands	degraded	by	waste	disposal.	They	are	unique	in	terms	of	site	formation,	surrounding	environment,	 and	 biological	 activities,	 but	 vary	 per	 their	 age,	 waste	 composition,	engineering	design,	and	ecological	practice.			Since	 landfills	 and	 leachate	 production	 cannot	 be	 completely	 avoided,	 the	only	thing	to	do	is	to	as	much	as	possible	reduce	leachate	production	and	treat	the	generated	 ones	 to	 eliminate	 or	 reduce	 the	 level	 of	 contamination	 in	 them	 to	discharge	 consent	 levels	 before	 releasing	 to	 the	 environment	 (receiving	 water	bodies).	Due	to	percolating,	water	plays	a	significant	role	in	leachate	generation	and	seems	to	be	a	main	cause	of	the	potential	of	landfill	pollution.	During	the	percolation	process,	the	percolating	water	dissolves	some	of	the	chemicals	in	the	dumping	waste	through	chemical	reaction;	it	may	also	combine	with	the	liquid	that	is	squeezed	out	due	 to	weight	 of	 the	waste	or	 compaction	 load.	 It	 should	be	noted	 that	 even	 if	 no	water	 is	 allowed	 to	 percolate	 through	 the	waste,	 a	 small	 volume	 of	 contaminated	liquid	is	always	excepted	to	form	due	to	biological	and	chemical	reactions.	Both	the	quality	 and	quantity	 of	 produced	 leachate	 are	 important	 issues	 for	 landfill	 design.	Table	 2.2,	 the	 comparison	 based	 on	 treatment	 efficiency,	 space	 utilization,	installation	 and	 operational	 cost	 is	 summarized.	 Following	 this	 table,	 leachate	treatment	is	realized	that	a	few	of	treatment	technique	can	be	dealt	with	old	leachate	due	to	the	stable	state	of	leachate	affects	treatment	process.	Reed	beds	in	biological	process	and	nano-filtration	 in	membrane	process	were	achieved	with	old	 leachate.	However,	 these	processes	 required	skilled	personnel	not	 likely	adsorption	process	in	physicochemical,	it	reveals	that	they	can	stand	with	insufficient	space	and	can	run	under	the	watchful	eyes	of	less	skill	personnel.					 	
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Table	2.2	Comparison	based	on	treatment	process	
	
Treatment	
Process	
Young	
leachate	
Medium	
leachate	
Old	
leachate	
Space	
utilization	
Installation	and	
operational	cost	
Requiring	
Less	skilled	
personnel	Biological	-Activated	sludge	-RBC	-SBR	-Reed	beds	-BAF	-Lagoons	-UASB	-AF	-MBBR	-MBR	
	Good	Good	Good	Fair	Good	Good	Good	Good	Good	Good	
	Fair	Fair	Fair	Fair	Fair	Fair	Fair	Fair	Fair	Fair	
	Poor	Poor	Poor	Good	Fair	Poor	Fair	Fair	Poor	Fair	
	Poor	Good	Good	Poor	Good	Poor	Good	Good	Poor	Poor	
	Expensive		Expensive	Less	Expensive	Less	Expensive	Expensive	Expensive	Less	Expensive	Expensive	Expensive	Expensive	
	No		Yes	No	Yes	Yes	Yes	Yes	Yes	No	No	Physicochemical	-Coag.	&	Floc.	-Precipitation	-Adsorption	-Flotation	-Chem.	Oxidation	-Ammonia	stripping	
	Poor	Poor	Poor	Poor	Poor	Poor	
	Fair	Fair	Fair	Fair	Fair	Fair	
	Fair	Poor	Good	Fair	Fair	Fair	
	Fair	Fair	Good	Poor	Good	Poor	
	Less	Expensive	Less	Expensive	Less	Expensive	Expensive	Expensive	Expensive	
	No	No	No	Yes	No	No	Membrane	process	-Microfiltration	-Ultrafiltration	-Nanofiltration	-Reverse	Osmosis	
	Poor	Fair	Good	Good	
	Poor	Fair	Good	Good	
	Poor	Fair	Good	Good	
	Good	Good	Good	Good	
	Expensive	Expensive	Expensive	Expensive	
	Yes	Yes	Yes	Yes		 	
2.3.1	Biological	treatment		
		 Most	 biological	 treatment	 processes	 are	 made	 up	 of	 complex	 interrelated,	mixed	 biological	 populations	 adapted	 to	 removal	 of	 individual	 pollutants.	When	 a	biological	treatment	process	is	designed,	or	analyzed,	the	engineer	should	concern	in	terms	of	an	ecosystem	or	community,	and	not	in	terms	of	a	‘black	box’	that	contains	mysterious	microorganisms	(Metcalf	and	Eddy,	1991).	 Introducing	biodegradation,	carried	 out	 by	 microorganisms	 in	 landfill	 leachate	 treatment	 system	 seems	 to	reliable	 with	 simple	 and	 high	 cost-effectiveness.	 Biological	 processes	 have	 been	
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shown	 to	 be	 very	 effective	 in	 removing	 organic	 and	 nitrogenous	 matters	 from	immature	leachates	when	the	BOD/COD	ratio	has	a	high	value	(>0.5).	In	contrast,	the	major	 presence	 of	 refractory	 compounds	 (mainly	 humic	 and	 fulvic	 acids)	 tend	 to	limit	process’s	effectiveness.	The	microorganisms	are	used	to	convert	the	colloidal,	dissolved	carbonaceous	organic	matter	and	inorganic	element	such	as	N,	P,	S,	K,	Ca	and	 Mg	 into	 cell	 tissue	 or/and	 into	 the	 various	 gases.	 The	 principal	 biological	process	 (activated	 sludge	 and	 biological	 filter)	 has	 been	 known	 quite	 well	 and	 is	successfully	 applied	 for	 domestic	wastewater.	 However,	 for	 industrial	 effluents	 or	leachate,	 the	 conventional	 approach	 for	 treatment	 requires	 some	 modifications.	Depending	on	the	wastewater	quality	and	the	effluent	standards	which	they	should	meet,	 different	 process	 design	 and/or	 operational	 control	 parameters	 must	 be	considered.		
2.3.2	Physico-chemical	treatment		
		 Chemical	 treatment	 is	 introduced	 to	 reduce	 a	 level	 of	 organic	 chemicals,	inorganic	 chemicals,	 and	 heavy	 metals.	 Physical	 and	 chemical	 processes	 include	reduction	 of	 suspended	 solids,	 colloid	 particles,	 floating	material,	 color,	 and	 toxic	compounds	 by	 either	 flotation,	 coagulation/flocculation,	 adsorption,	 chemical	oxidation	 and	 air	 stripping.	 Physical/chemical	 treatments	 for	 the	 landfill	 leachate	are	used	 in	addition	at	 the	treatment	 line	(pre-treatment	or	 last	purification)	or	to	treat	 a	 specific	 pollutant.	 The	 adsorption	 of	 pollutants	 onto	 adsorbents	 has	 been	selected	 to	 use	with	 old	 leachate,	 which	 has	 a	 high	 value	 of	 BOD/COD	 (>0.5),	 for	given,	less	space	utilization,	less	installation	and	operational	cost,	and	requiring	less	skilled	personnel.			 Recently,	 simultaneous	 adsorption	 and	 biological	 treatment	 have	 been	evaluated.	For	instance,	Kargi	and	Pamukoglu	et	al.	(2004)	reported	that	nearly	87%	and	 77%	 of	 COD	 removals	 were	 achieved	with	 powdered	 activated	 carbon	 (PAC)	and	zeolite	concentrations	of	2	g	L-1,	respectively.	In	1988,	McLellan	and	Rock	noted	that	 filtration	 through	peat	 can	be	used	only	as	a	pre-treatment	process	 to	 reduce	metal	concentrations	prior	to	a	conventional	treatment.	Finally,	limestone	has	been	proven	to	be	effective	in	removing	metals	from	wastewaters.	Supported	by	Aziz	et	al.	
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(2004)	90%	of	Fe	could	be	removed	from	semi-aerobic	landfill	leachate	by	limestone	filter,	based	on	retention	time	of	57.8	min	and	surface	loading	of	12.2	m3	m-2	day-1.		 Ronald	 et	 al.	 (1995)	 studied	 about	 physical-chemical	 treatment	 of	 landfill	leachate	for	metals	removal	from	young	and	old	leachate	zones	of	the	landfill	and	of	a	mixture	of	 the	 two	 leachates.	Most	 trace	metals	 in	 the	young	 leachate	and	 in	 the	leachate	 mixture	 were	 removed	 by	 adjusting	 solution	 pH	 to	 9.0,	 but	 the	 old	leachates,	even	raising	the	pH	to	11.0	did	not	remove	all	the	trace	metals	efficiently.	Therefore,	 adjusting	 pH	 cannot	 be	 stand-alone	 without	 adding	 adsorbent	 or	aeration.		 Kurniawan	 (2006)	 described	 both	 activated	 carbon	 adsorption	 and	 nano-filtration	 are	 effective	 for	 over	 95%	 COD	 removal	 with	 the	 initial	 concentrations	ranging	 from	5690	 to	 17,000	mg/L.	 About	 98%	 removal	 of	NH3–N	with	 an	 initial	concentration	 ranging	 from	 3260	 to	 5618	mg/L	 has	 been	 achieved	 using	 struvite	precipitation.	A	combination	of	physico-chemical	and	biological	treatments	has	been	demonstrated	 to	 be	 effective	 for	 the	 removal	 of	 COD	 and	 NH3–N	 from	 landfill	leachate.		
	 Mohanet	al.	 (2009)	 investigated	 the	possibility	of	 the	utilization	of	 coal	 fly	ash	as	a	low	cost	adsorbent	material	for	the	adsorption	of	heavy	metal	ions	(Zn,	Pb,	Cd,	Mn	 and	 Cu)	 present	 in	 the	municipal	 solid	waste	 leachate.	 Batch	 experiments	were	 conducted	 to	 determine	 the	 effect	 of	 contact	 time	 and	 fly	 ash	 dosage	 on	adsorption	of	heavy	metals.	The	fly	ash	concentration	required	to	achieve	maximum	heavy	metal	 removal	was	 found	 to	be	2	 g/L	with	 the	 removal	 efficiencies	of	 39%,	28%,	74%,	42%	and	71%	for	Cu,	Mn,	Pb,	Zn	and	Cd	respectively.			 Many	 publication	 papers	 indicated	 major	 factors	 affecting	 to	 chemical	treatment	 are	 pH,	 temperature	 and,	 retention	 time.	 These	 are	 main	 subjects	 to	chemical	reaction.	The	leachates	contained	significant	quantities	of	reduced	iron	and	manganese	that,	upon	aeration	and	base	addition,	were	precipitated	and	served	as	sorbent	 of	 trace	 metals	 that	 were	 present	 at	 much	 lower	 concentrations.	 And	chemical	treatment	does	efficiently	reduce	the	concentration	of	soluble	metals,	there	is	little	change	in	the	organic	composition	as	reflected	in	the	COD	values.	Finally,	the	goal	of	chemical	treatment	is	to	reduce	the	metals	concentration	as	economically	as	possible.	
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2.3.3	Membrane	treatment	
		 The	 membrane	 processes	 deal	 in	 separating	 two	 solutions	 with	 different	concentrations	by	a	semipermeable	membrane.	In	this	process,	pressure	is	added	to	the	 more	 concentrated	 solution,	 forcing	 the	 water	 to	 flow	 from	 the	 higher	concentration	 to	 the	 lower	 concentration.	 Microfiltration	 and	 ultrafiltration,	operated	 singly	 or	 in	 combination	 with	 reverse	 osmosis	 and	 nano-filtration	 are	membrane	processes	 applied	 in	 landfill	 treatment	 (Bodzek	 1999;	Weber	 and	Holz	1991;	Trebouet	et	al.	2001).	Due	to	the	high	ability	of	modern	high-rejection	osmosis	membranes	 (DT-Module)	 to	 retain	 both	 organic	 and	 inorganic	 contaminates,	 an	efficiency	levelling	98–99%	can	be	achieved	(Peters	1998).		One	 of	 the	major	 disadvantages	 of	 these	membrane	 processes	 is	 fouling	 or	biofouling	 of	 the	 membrane,	 induced	 by	 deposits	 of	 inorganic,	 organic	 and	microbiological	substances	on	both	the	membrane	surface	and	inside	the	membrane	pores.	Extensive	membrane	fouling	leads	to	a	pronounced	decrease	in	permeate	flux	and	can	threaten	the	economic	efficiency	of	the	membrane	plant	(Schlichter	2003).	Successful	 application	 of	 membrane	 technology	 for	 the	 treatment	 of	 the	 landfill	leachate	 requires	 an	 efficient	 control	 of	 membrane	 fouling	 (Trebouet	 et	 al.	 2001	Bodzek	1999).			 It	should	be	noted	that	using	membrane	techniques	(in	particularly	RO,	NF)	for	 highly	 contaminated	 wastewater	 effluents,	 a	 problem	 of	 retentate	 production	arise,	which	needs	to	be	further	treated.	The	neutralization	(including	evaporation,	drying	and	 incineration)	of	 retentate	must	be	considered	 in	 the	overall	 cost	of	 the	technology.		
 
2.4	Problem	analysis	of	landfill	site	in	Japan	
		 In	Japan,	the	incineration	process	has	been	considered	the	primary	disposal	system	for	solid	waste	for	the	past	century,	and	landfill	was	only	a	secondary	system,	mainly	used	to	receive	residues.	However,	as	a	result	of	increasing	concern	about	the	environment	 and	 difficulties	 in	 constructing	 new	 landfills,	 which	 is	 caused	 by	 the	
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not-in-my-backyard	 (NIMBY)	 reaction	 of	 residents,	 achieving	 a	 reduction	 in	 the	quantity	of	waste	to	be	 landfilled	became	an	urgent	goal	 in	waste	management	 for	both	local	and	national	government.	Since	 landfilling	 involves	a	much	slower	degradation	process	of	 solid	waste	than	incineration	or	other	options	of	solid	waste	management,	environmental	risks	must	be	minimized	in	the	long	term	as	well	as	the	short	term.	The	construction	and	operation	of	a	landfill	should	be	considered	over	its	whole	lifetime.	Control	of	input	waste	and	the	leachate	treatment	system	is	critically	important	for	the	reduction	of	risk,	 and	 is	 secured	 by	 regulations	 and	 guidelines.	 Stabilization	 of	 waste	 over	 a	shorter	period	is	required	to	reduce	lifetime	risk	and	cost	of	sustainability.			 In	 this	 respect,	 the	 disposal	 site	 must	 function	 like	 an	 environmental	protection	facility.	It	must	also	benefit	nearby	residents	in	some	way,	for	example,	by	utilizing	 generated	 methane	 gas	 for	 public	 heating,	 and	 by	 utilizing	 the	 space	reclaimed	by	landfilling	for	the	enjoyment	of	residents	(Furuichi	and	Tanaka,	1989;	Furuichi	1992).		In	summary,	a	final	disposal	site	must	be	considered	as	"an	artificial	vessel"	and	must	have	facilities	with	the	following	three	functions:	
• To	store	and	dispose	waste;		
• To	protect	the	environment;	and	
• To	 benefit	 nearby	 residents	 by	 taking	 advantage	 of	 consequential	effects.		The	function	of	benefit	for	nearby	residents	may	include	the	creation	of	parks,	green	areas,	 and	 other	 urban	 facilities	 utilizing	 the	 space	 reclaimed	 by	 landfilling.	 The	facilities	 function	of	 protecting	 the	 environment	may	be	 evaluated	 in	 terms	of	 the	following	aspects:		
• Landfill	structure	and	geographical	and	geological	site	conditions;	
• Pollution	potential	at	the	disposal	site;	
• Occurrence	pattern	and	transport	mechanism	of	pollutants;		
• Estimated	environmental	risk;	
	 -	22	-	
• Design	of	a	proper	monitoring	network;	and		
• Building	a	consensus	among	local-residents.		Important	 environmental	 problems	 are	 posed	 by	 landfill	 sites,	 because	 they	 are	considered	as	one	of	the	critical	pathways	of	hazardous	substances	(e.g.,	chemicals	and	 heavy	 metals).	 Therefore,	 it	 is	 important	 to	 determine	 how	 the	 landfill	 site	should	be	managed	to	reduce	the	risk	to	health	and	environment	(Furuichi,	1987).	Therefore,	subtopics	below	this	paragraph,	a	status	of	waste	management	 in	 Japan	case	and	issues	raised	by	waste	landfill	and	it	countermeasures	goes	in	details.	
2.4.1	A	background	on	Japanese	municipal	waste	disposal	
		 Japanese	municipal	solid	waste	(here	in	after	MSW)	management	conducted	by	 the	 municipalities	 stared	 hundred	 years	 ago	 and	 have	 developed	 with	 the	advance	 of	 MSW	 treatment	 and	 disposal	 technologies.	 Although	 several	 problems	are	solved,	but	some	problems	on	MSW	management	remain.	The	effort	to	solve	the	problems	 had	 been	 focused	 on	 treatment	 problem,	 because	 the	 final	 disposal	 had	been	conducted	with	unsanitary	way	for	long	years	and	there	was	a	few	progresses	on	disposal	method	and	technology,	and	the	improvement	of	treatment	technology	was	seemed	to	be	a	solution	for	MSW	problems.		In	Japan,	the	Waste	Disposal	and	Public	Cleansing	Law	(hereinafter	the	Waste	Disposal	Law)	is	the	basic	and	main	law	to	pertaining	the	MSW	management	and	it	defines	MSW	and	 industrial	waste,	 hazardous	waste	 (Yamamoto	O.,	 2002)	 and	 set	the	guideline	how	to	carry,	treat,	and	dispose	them.	The	research	on	landfill	site	has	a	 shorter	 history	 than	 one	 of	 treatment	 facilities.	 Before	 1970’s,	 there	were	 a	 few	studies	 on	 construction,	 operation,	 and	 environmental	 effect	 of	 landfill	 site.	 After	that,	 the	 research	had	 advanced	 and	 the	 results	 are	 reflected	 in	 the	 guidelines	 for	landfill	site.					
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History	of	Municipal	Solid	Waste	Management		
Before	World	War	II		Japan	 opened	 a	 country	 to	 foreign	 intercourse	 from	 the	 Meiji	 Restoration	(1868)	 and	 Japanese	 modernization	 and	 industrialization	 started.	 However,	 the	foreign	intercourse	also	brought	such	infectious	diseases	as	cholera,	dysentery	and	the	plague	into	Japan.	In	some	years,	more	than	100,000	people	died	of	cholera	in	a	year.	 Facing	 this	 situation,	 the	 Japanese	 Government	 started	 to	 work	 on	 public	sanitation	and	guided	the	proper	disposal	of	the	municipal	solid	waste.	In	1900,	the	Filth	Cleansing	Law	was	promulgated	from	a	point	of	view	of	public	health	and	the	cities	were	ordered	 to	 incinerate	 the	waste.	From	 this	year,	 each	municipality	had	the	responsibility	to	manage	the	MSW	generated	in	its	jurisdiction.	After	the	establishment	of	the	law,	some	cities,	such	as	Tokyo	and	Osaka	that	had	 not	 enough	 landfill	 sites,	 constructed	 the	 incineration	 plants	 that	 were	 batch	type	 sectional	 furnaces.	 However,	 limited	 numbers	 of	 the	 plant	were	 constructed,	because	 the	garbage	and	night	 soil	were	used	 for	 fertilizer	 in	 those	days.	As	many	persons	 were	 gathered	 to	 the	 large	 cities	 such	 as	 Tokyo	 and	 Osaka	 by	 the	industrialization,	 the	 management	 of	 MSW	 became	 a	 large	 problem	 and	 the	government	of	these	cities	had	to	treat	the	increasing	waste.	They	tried	to	improve	incineration	plants	 and	 researched	other	method	 such	 as	 composting,	 gasification,	recycling	 and,	 etc.	 These	 attempt,	 however,	 were	 usually	 failed,	 because	 of	 low	quality	of	MSW	and	 low	 technical	 level	 in	 those	days,	 (Yamamoto,	2002).	 In	1930,	the	 Waste	 Cleansing	 Law	 was	 amended	 to	 make	 the	 incineration	 of	 waste	compulsory.	 However,	 the	 incineration	 plants	 still	 had	 problems	 of	 insufficient	performance	and	pollution	and	were	not	solved	until	middle	of	1960’s.		
After	World	War	II		World	 War	 II	 destroyed	 not	 only	 the	 industrial	 facilities	 but	 also	 the	infrastructure	of	the	cities.	Many	incineration	plants	had	severe	damages,	so	wastes,	that	were	not	large	volume	right	after	the	war,	should	be	landfilled.	The	amount	of	MSW	had	increased	in	accordance	with	the	rehabilitation	of	Japanese	social	system	and	the	incineration	of	MSW	was	required.	The	damaged	plants	were	restored	and	
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some	 new	 plants	 were	 constructed,	 but	 all	 of	 them	 were	 batch	 type	 and	 the	problems	of	the	plants	were	same	as	before	the	war.		The	night	soil	that	had	been	used	as	a	fertilizer	lost	the	market	because	of	the	chemical	 fertilizer	 that	 was	 rapidly	 spread	 in	 those	 days.	 As	 the	 management	 of	MSW	and	night	 soil	was	 required	 from	 the	environmental	 as	well	 as	public	health	viewpoints,	the	Filth	Cleansing	Law	was	repealed	and	the	Public	Cleansing	Law	was	promulgated	in	1954.		From	1960,	 Japanese	 rapid	 economic	 growth	 started.	 The	 rate	 of	 economic	growth	 was	 more	 than	 10%	 in	 those	 years,	 and	 it	 brought	 prosperity	 to	 Japan.	However,	 it	 also	 brought	 serous	 public	 nuisance	 problems	 and	 an	 increase	 of	municipal	solid	waste.	Figure	2.2	shows	the	changes	in	the	amount	of	waste	and	the	population	in	Osaka	City	from	1925	to	1999.	Before	1960,	the	changes	in	the	waste	and	 the	 population	 showed	 almost	 same	 trends,	 but	 after	 that	 year,	 the	 waste	increased	 very	 rapid	 although	 the	 population	was	 rather	 decreased.	 This	 increase	was	appeared	 in	all	 the	cities	and	towns	 in	 Japan.	Facing	 the	 increase	of	MSW,	 the	Japanese	 Government	 promulgated	 the	 Emergency	 Measures	 Law	 to	 arrange	Facilities	 for	 Living	 Environment	 in	 1963	 and	 the	municipalities	 tried	 to	 use	 new	method.	The	serious	problem	in	MSW	management	was	the	lack	of	suitable	landfill	site.	 Furthermore,	 existing	 site	 were	 not	 operated	 in	 sanitary	 way	 and	 caused	pollution	problems	such	as	dirty	leachate,	bad	smell,	vermin,	and	fire.	MSW	had	to	be	treated	 and	 disposed	 of	 in	 sanitary	way.	 Some	 governments	 constructed	 the	 first-rate	 composting	 plants	 and	 others	 introduced	 the	 new	 technology	 of	 incineration.	Cities	were	suffered	from	the	severe	air	pollution,	because	batch	type	plant	operated	in	 the	cities	emitted	a	black	smoke.	 In	 those	days,	 the	mechanical	 continuous	 type	incineration	plants	were	common	in	Europe	and	they	were	of	high	performance	and	less	pollution.	Osaka	City	was	the	first	one	to	construct	this	type	plant	in	1963	and	constructed	 another	 new	 plant	 in	 1965,	 whose	 technology	 was	 purchased	 from	Switzerland.	These	plants	were	successfully	operated	and	promoted	this	type	plant	to	the	municipalities.	
	 -	25	-	
	
Figure	2.2	Changes	in	amount	of	waste	and	population	Source:	Yamamoto	(2002)	
	Japanese	 MSW	 management	 entered	 to	 the	 “incineration	 age”.	 About	 composting	plant,	the	number	of	the	plants	increased	the	former	half	of	1960s	and	showed	the	peek	 in	 1967.	 Figure	 2.3	 shows	 a	 change	 in	 number	 of	 composting	 plants.	 The	number	was	 once	 decreased,	 because	 impurities	 such	 as	 plastics	 and	 razor	 blade	were	mixed	in	the	compost	and	farmers	hated	the	product	from	composting	plants.	Besides	the	quality	of	compost,	chemical	fertilizers	becamecommon	in	those	days,	so	the	compost	lost	the	market.	However,	importance	of	resource	recovery	has	been	discussed	 after	 the	 oil	 crisis,	 and	 the	 numbers	 of	 the	 plant	 were	 again	 increased.	Thirty-two	plants	were	 operated	 in	 1999.	 These	 plants	were	 located	 in	 rural	 area	and	 the	 scale	 of	 the	 plants	 was	 usually	 small,	 because	 composting	 plants	 usually	need	wider	site	than	incineration	plant,	and	it	is	difficult	to	afford	the	suitable	site	in	the	cities.	Another	problem	of	composting	is	existence	of	the	other	wastes	that	are	not	 suitable	 for	 composting.	 Even	 if	 the	 recycling	will	 advance	 and	 the	 amount	 of	waste	generation	will	decrease,	 it	 is	estimated	 that	 those	wastes	will	generate	and	some	 treatment	 facility	 will	 be	 required.	 Now,	 the	 compost	 is	 used	 as	 soil	conditioner.	Even	if	it	is	not		
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constructed the incineration plants that were batch type sectional furnaces.  However, limited numbers of the plant 
were constructed, because the garbage and night soil were used for fertilizer in those days. 
As many persons were gathered to the big cities such as Tokyo and Osaka by the industrialization, the 
management of MSW became a big problem and the government of these cities had to treat the increasing waste.  
They tried to improve incineration plants and researched other method such as composting, gasification, recycling and 
etc.  These attempt, however, were usually failed, because of low quality of MSW and low technical level in those 
days, I suppose.   
In 1930, the Waste Cleansing Law was amended to make the incineration of waste compulsory.  However, the 
incineration plants still had problems of insufficient performance and pollution and they were not solved until middle of 
1960’s. 
 
After World War II 
World War II destroyed not only the industrial facilities but also the infrastructure of the cities.  Many incineration 
plants had severe damages, so wastes, that were not big volume right after the war, should be landfilled.  The amount 
of MSW had increased in accordance with the rehabilitation of Japanese social system and the incineration of MSW 
was required.  The damaged plants were restored and some new plants were constructed, but all of them were batch 
type and the problems of the plants were same as before the war. 
The night soil that had been used as a fertilizer lost the market because of the chemical fertilizer that was rapidly 
spread in those days.  As the management of MSW and night soil was required from the environmental point of view 
as well as public health, the Filth Cleansing Law was repealed and the Public Cleansing Law was promulgated in 1954.  
  From 1960, Japanese rapid economic growth started.  The rate of economic growth was more than 10% in 
those years, and it brought prosperity to Japan.  However, it also brought serous public nuisance problems and an 
increase of municipal solid waste.  Figure 1 shows the changes in the amount of waste and the population in Osaka 
City from 1925 to 1999.  Before 1960, the changes in the waste and the population showed almost same trends, but 
after that year, the waste increased very rapid although the population was rather decreasing.  This increase was 
appeared in all the cities and towns in Japan. 
 
Facing the increase of MSW, the Japanese Government promulgated the Emergency Measures Law to arrange 
Facilities for Living Environment in 1963 and the municipalities tried to use new method.  The serious problem in 
MSW management was the lack of suitable landfill site.  Furthermore, existing site were not operated in sanitary way 
and caused pollution problems such as dirty leachate, bad smell, vermin, and fire.  MSW had to be treated and 
disposed of in sanitary way.  Some governments constructed the first-rate composting plants and others introduced the 
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Figure	2.3	Changes	in	number	of	composting	plants	Source:	Waste	Treatment	and	Resource	Recovery	Technology’s	Handbook	(1993)	
	used	for	agricultural	land,	strict	separation	at	generation	source	is	still	required.	As	the	 environmental	pollution	had	been	a	 social	 problem	 in	 the	 latter	half	 of	 1960s,	Japanese	 Government	 had	 to	 cope	 with	 the	 pollution	 and	 enacted	 many	 laws	concerning	the	pollution	control.	The	Waste	Disposal	and	Public	Cleansing	Law	was	one	of	them	and	the	Public	Cleansing	Law	was	repealed.		As	mentioned	above,	municipalities	have	a	responsibility	to	manage	MSW,	so	they	 basically	 should	 install	 and	 operate	 the	 treatment	 and	 landfill	 facilities	 by	themselves.	However,	a	small	towns	and	villages	could	not	afford	these	facilities,	so	that	 case,	 some	 governments	 set	 up	 a	 union	 to	 conduct	 the	management	 of	MSW.	There	 are	 more	 than	 1,800	 incineration	 plants	 and	 2,200	 landfill	 sites	 for	 MSW	management	in	Japan	in	1997.		In	1983,	the	emission	of	dioxins	from	MSW	incineration	plats	were	reported	and	the	studies	to	control	the	dioxins	started.	It	was	found	that	small-	and	medium-sized	plants	emitted	higher	concentration	of	dioxins	than	large	plant	and	almost	all	the	 emission	 in	 Japan	 were	 emitted	 from	 incineration	 plants.	 In	 1990,	 Japanese	Government	promulgated	the	guidelines	to	prevent	the	dioxins	emission	and	it	was	revised	 in	1997.	The	new	guidelines	required	 to	 improve	 the	existing	plant	and	 to	
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new technology of incineration.  Because cities were suffered by the severe air pollution and batch type plant that were 
operated by the cities emitted a black smoke that caused a pollution problems.  In those days, the mechanical 
continuous type incineration plants were common in Europe and they were of high performance and less pollution.  
Osaka City was the first one to construct this type plant in 1963 and constructed another new plant in 1965, of that 
technology was purchased from Switzerland.  These plants were successfully operated and promoted this type plant to 
the municipalities.  Japanese MSW management entered to the “incineration age”. 
About composting plant, the number of the plant increased the former half of 1960s and showed the peek in 1967.  
Figure 2 shows a change in number of composting plants5).   The number was once decreased, because impurities 
such as plastics and razor blade were mixed in the compost and farmers hated the product from composting plants.  
Besides the quality of compost, chemical fertilizers became 
common in those days, so the compost lost the market.   
However, importance of resource recovery has been 
discussed after the oil crisis, and the numbers of the plant were 
again increased.  32 plants are operating in 1999.  These 
plants are located in rural area and the scale of the plant is 
usually small, because composting plant usually need wider 
site than incineration plant, and it is difficult to afford the 
suitable site in the cities.  Another problem of composting is 
exist of the other wastes that are not suitable for composting.  
Even if the recycling will advanced and the amount of waste 
generation will decrease, it is estimated that those waste will 
generate and some treatment facility will be required.  
Now, the compost is used as soil conditioner.  Even if it is not used for agricultural land, strict separation at 
generation source is still required. 
As the environmental pollution had been a social problem in the latter half of 1960s, Japanese Government had to 
cope with the pollution and enacted many laws concerning the poll tion control.  The Waste Disposal and Public 
Cleansing Law was one of them and the Public Cleansing Law was repealed. 
As mentioned above, municipalities have a responsibility to manage MSW, so they basically have to install and 
operate the treatment and landfill facilities by themselves.  However，small towns and villages could not afford these 
facilities, so that case, some governments set up a union to conduct the management of MSW.  There are more than 
1,800 incineration plants and 2,200 landfill sites for MSW management in Japan in 1997.  
In 1983, the emission of Dioxins from MSW incineration plats were reported nd the studi  to control the 
Dioxins started.  It was found that small- and medium-sized plants emitted higher concentration of Dioxi s than large 
plant and almost all the emission in Japan were emission from incineration plants.  In 1990, Japanese Government 
promulgated the Guidelines to prevent the Dioxins emission and it was revised in 1997.  The new Guidelines required 
to improve the existing plant and to integrate small- and medium-sized plant to large one, and it settled the emission 
standard for existing and new plant according to the plant scale. 
In 1973 and 1979, the Oil Crisis attacked Japan and people recognized that resources in the earth were limited and 
resource conservation was important.  The studies on resource recycling started from those years and many voluntary 
groups practiced recycling of milk cartons, bottles, cans and so on.  However, a price of oil went down in the middle of 
80’s, and many people’s concern left from recycling and the amount of waste increased again.  Figure 3 shows the 
changes of the amount of waste generated in Japan and waste generated per Capita. 
In 1991, the Waste Disposal Law was revised substantially to promote waste reduction and recycling of wastes in 
addition to ensure proper management of municipal and industrial solid wastes.  In 1992, the United Conference of 
Environment and Development (the Earth Summit) was held and the sustainable development became an important 
purpose of our activities.  Japan recognizes that our society is “mass production – mass consumption – mass disposal” 
society and the society should be changed to recycle-oriented one.  In 2000, the Basic Law for Establishing the 
Recycle-oriented Society and related laws were promulgated or revised. 
The basic concept of MSW management has been extended according to the development of the society.  At first, 
it was based on public health, then environmental protection was added, resource recovery, especially energy recovery, 
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integrate	small-	and	medium-sized	plants	to	 large	ones,	and	the	emission	standard	was	settled	for	existing	and	new	plants	according	to	the	plant	scale.		In	1973	and	1979,	 Japan	 facing	 to	 the	Oil	Crisis	and	people	 recognized	 that	resources	 in	the	earth	were	 limited	and	resource	conservation	was	 important.	The	studies	on	resource	recycling	started	from	those	years	and	many	voluntary	groups	practiced	recycling	of	milk	cartons,	bottles,	cans	and	so	on.	However,	a	price	of	oil	went	down	in	the	middle	of	80’s,	and	many	people’s	concern	left	from	recycling	and	the	amount	of	waste	increased	again.	Figure	2.4	shows	the	changes	of	the	amount	of	waste	generated	in	Japan	and	waste	generated	per	capita.			
	
Figure	2.4	Municipal	solid	waste	generation	and	waste	per	capita	in	Japan	(Data:	former	Ministry	of	Health	and	Welfare)		
2.4.2	A	status	of	waste	management	in	Japan	
		 	Since	the	legislation	replaced	the	then	existing	Public	Cleaning	Law	of	1954,	and	was	aimed	at	coping	with	new	problems	of	waste	management	resulting	 from	increasing	volumes	and	types	of	both	municipal	and	industrial	solid	wastes.	To	raise	the	standard	of	public	health	and	to	promote	the	conversation	of	 the	human	living	
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was the next stage, and now is recycle-oriented society.  It is said that zero emission society is the final goal of MSW.  
It is not realistic to eliminate all the wastes, because some of dirty things cannot be recycled, but the reduction of waste 
is the key of present MSW management concept.   
 
Disposal of Municipal Solid Waste 
 
Before World War II, there were very limited reports on problems of MSW disposal.  Because MSW generated per 
capita was very small as compared with now and all the recyclables were recovered, so problems were mainly occurred 
in the big cities.  For example, Osaka city directly dumped MSW into sea or sold for agricultural use at the end of 19th 
and the beginning of 20th century3).  This dumping sometimes troubled the city about floating waste in the port and 
claiming from other city. 
As Osaka did, cities dumped MSW into lowland or pond or sea without anti-pollution measures.  This open 
dumping still conducted after the World War II.  As mentioned above, the capacities of incineration plants were not 
enough, so the increase of MSW meant the increase of amount MSW to be dumped into landfill sites.  Problems such 
as dirty leachate, bad odour and vermin, became severer and required suitable measures.  In 1949, a research group 
proposed management measures such as sorts of dumped wastes, height of waste layer and soil cover, to enhance the 
aerobic digestion6).  It was an advanced proposal and led the Ordinance of Japanese Government on landfill standards.  
However, these were unfortunately not in practice.  I suppose that governments had not enough fund to purchase soil 
and machineries for soil cover and did not understand the importance of the proposal. 
Other research found that leachate from the sites polluted rivers and pollutants were removed by coagulation and 
sedimentation method7).  The report also pointed out the difficulty to implement wastewater treatment because the 
terms of operation of these sites were too short to construct treatment facilities.  So, the first leachate treatment plant 
was constructed in 19678), but it was not common in those days. 
Need of measures to prevent leachate penetrating into ground was recognized but measures were not taken for long 
time.  At first, clay layer was used as water barrier, then, plastic sheet was used.  The first site that used plastic sheet 
was constructed around 19758). 
The Waste Disposal Law set the standards in 1971 and measures to prevent water pollution were required (see 
below).  However, there were limited sites that took such measures, so the Order to set the technical standards for 
MSW and industrial waste landfill sites, was announced in 1977.  In these standards, the site of leachate-controlled 
type is required to have water barrier, leachate collection pipes and leachate treatment plant.   From this Order, sheet 
and treatment plant became popular8). 
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environment	are	stated	in	the	Law	as	two	major	goals	to	be	achieved	through	proper	management	of	industrial	waste.		 In	 the	Waste	Disposal	 Law,	 all	waste	materials	 except	 radioactive	 ones	 are	classified	 into	 categories,	 namely,	 industrial	 and	 general.	 The	 industrial	 waste	 is	defined	as	the	waste	materials,	which	are	generated	by	various	industrial	(including	agricultural)	activities,	and	specifically	the	Law	also	with	its	Enforcement	Ordinance	designates.	 The	 remaining	waste	materials	 are	 defined	 and	 termed	 as	 the	 general	waste.	The	predominant	portion	of	the	general	waste	MSWor	refuse,	but	it	includes	c	ategorically	the	night	soil	or	sanitary	waste	collected	from	toilets.			 Disposal	 and	 proper	 management	 of	 the	 industrial	 waste	 is	 basically	 a	responsibility	 of	 its	 original	 generator	 or	 entrepreneur.	 In	 practice,	 the	 industrial	waste	is	disposed	of	by	the	entrepreneur	at	their	own	cost	or	by	a	licensed	operator	contracted	 from	 the	 entrepreneur	 at	 their	 own	 coast	 or	 by	 a	 licensed	 operator	contracted	 from	the	entrepreneur.	 In	the	other	hand,	 the	governor	of	a	prefectural	government	 is	 responsible	 for	holding	of	 the	general	 condition	of	 industrial	waste	management,	 and	 taking	measures,	 if	necessary,	 for	 improved	management	within	its	 administrative	 region.	 The	 Law	 requires	 also	 the	 prefectural	 government	 to	develop	 the	 master	 plan	 for	 proper	 management	 of	 the	 industrial	 waste	 in	 the	region,	 and	 to	 supervise	 industrial	 generators	 and	 operators.	 Certain	 industrial	wastes,	which	contain	toxic	or	hazardous	substances,	are	to	be	controlled	strictly	to	insure	proper	disposal.		Disposal	and	management	of	 the	general	waste	are	stipulated	 in	the	Law	as	the	 sole	 responsibility	 of	 local	 municipal	 authority.	 In	 principal,	 a	 municipal	government	 must	 develop	 a	 program	 for	 disposal	 of	 the	 general	 waste	 to	 be	generated	within	 the	 area.	 Accordingly,	 collection,	 transportation,	 and	 disposal	 of	the	waste	are	to	be	operated	either	directly	by	the	municipal	sanitation	department,	or	 indirectly	 either	 directly	 by	 licensed	 operator	 under	 the	 supervision	 of	 the	authority.	All	operations	must	complies	with	the	standards	set	forth	by	the	Law	and	its	Enforcement	Ordinance	and	Regulation.				
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	 The	 current	 situation	 of	 landfill	 disposal	 sites	 in	 Japan	 from	 administrative	and	public	points	of	view	is	described;	waste	at	 landfill	disposal	sites	is	a	potential	cause	of	environmental	pollution	or	risk.	The	Waste	Disposal	Law	sets	the	standards	for	landfill	wastes,	landfill	site	structure,	and	landfill	site	operation	and	maintenance.	According	 to	 hazardousness	 or	 stability,	 three	 types	 of	 landfill	 sites	 are	 defined;	isolated,	leachate-controlled	or	non-leachate-controlled.		The	 first	 group	 (see	 Figure	 2.5)	 consists	 of	 the	 riskiest	 type	 of	 wastes,	hazardous	 industrial	waste,	which	must	 be	 buried	 at	 an	 isolated	 landfill	 site.	 This	waste	 contains	 heavy	metals	 and	 other	 hazardous	 chemical,	which	may	 adversely	affect	human	health.	These	substances,	if	dissolved	in	liquid,	have	a	high	potential	to	be	 leached	out.	Unless	 they	 are	pretreated	 in	 some	way,	 they	must	be	buried	 in	 a	landfill	disposal	site	at	an	isolated	site,	where	there	is	no	chance	that	rainwater	will	sieve	 into	 contact	with	 the	waste	 and	 allow	 leachate	 formed	 at	 the	 site	 to	 spread	throughout	the	surrounding	environment.	Such	a	size	must	consist	of	non-damage,	water-shield	 structure	 made	 of	 concrete,	 completely	 isolated	 from	 surrounding	environment	below	the	surface	level,	and	designed	perfectly	to	prevent	waste	from	leaching	out.	Hazardous	industrial	waste	totaled	an	estimated	597	thousand	tons	in	1990.	This	estimation	may	vary,	depending	on	the	definition	of	hazardous	waste,	but	Japan	had	no	more	 than	35	 landfills	of	 the	 isolated	 type	 in	1990,	despite	 the	 large	amount	of	hazardous	waste.		The	second	group	(see	Figure	2.6)	includes:	waste	plastics,	rubber,	glass	and	ceramics,	scrap	metal	and	construction	waste.	These	types	of	waste	are	chemically	and	biologically	stable	and	non-dissolved	in	water,	so	that	hazardous	leaching	does	not	 take	 place.	 They	 can	 be	 disposed	 of	 that	 stable	 types	 landfill	 site	 or	 an	 open	dumping	 facility.	 This	 facility	 does	 not	 require	 water-shield	 facility,	 leachate	contaminant,	 or	 leachate	 treatment,	 since	 any	 leachate	 that	may	 from	will	 not	 be	dangerous.	Japan	had	1377	landfill	sites	of	this	type	in	1990.			The	 third	 group	 (see	 Figure	 2.7)	 consists	 of	 non-hazardous,	 but	 unstable	waste.	This	type	of	waste	must	be	disposed	of	at	controlled	landfill	site.	Unless	the	site	 is	 securely	 controlled,	 the	 leachate	 from	 such	 a	 site	 could	 pollute	 the	environment	and	pose	a	threat	to	living	being	there.	Therefore,	the	site	must	have	a	
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leachate	 shield	 and	 contaminant,	 and	 the	 leachate	 must	 be	 treated.	 Waste	 to	 be	disposed	 of	 at	 such	 a	 site	 includes:	 paper,	waste	wood,	waste	 textiles,	 animal	 and	plant	 residue,	 slag	 and	 other	 municipal	 waste.	 Japan	 had	 1103	 controlled	 landfill	sites	for	handling	industrial	waste	in	1990	and	2336	for	handling	municipal	waste	in	1990.	 		
		
Figure	2.5	Landfill	site	for	hazardous	industrial	wastes	
	(Isolated	type)	Source:	Ministry	of	the	Environment	(2002)		
	
Figure	2.6	Landfill	site	for	domestic	wastes	and	industrial	wastes		
(Leachate-controlled	type)		Source:	Ministry	of	the	Environment	(2002)		
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Figure	2.7	Landfill	site	for	stable	industrial	wastes		
(Non-leachate-controlled	type)		Source:	Ministry	of	the	Environment	(2002)			
		
Figure	2.8	Collection-to-disposal	flow	diagram	of	MSW	in	Japan.	Source:	Yamamura	(1983)					
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	 The	proportional	of	waste	products	was	explained	in	Figure	2.8,	compiled	by	the	Ministry	of	Health	and	Welfare	from	data	to	be	reported	from	local	government	annually.	Out	of	89,000	tons	of	MSW	collected	daily,	mainly	from	households,	by	the	municipality,	more	than	62,000	tons	are	to	be	incinerated.	Incineration	is	therefore	the	predominant	disposal	method	for	MSW	in	Japan.	Including	other	MSW	collected	by	licensed	contractors	from	commercial	and	other	sources,	the	overall	incineration	rate	 turns	 out	 to	 be	 59	 percentage.	 On	 the	 other	 hand,	 38	 percentage	 of	 all	MSW	collected	is	directly	bound	for	landfill	sites.	In	addition,	ashes	and	residues	from	the	incineration	 and	 other	 minor	 disposal	 methods	 are	 also	 to	 be	 landfilled.	 After	incineration	 process	 residue	 amount	 of	 waste	 reducing	 finally	 remaining	 is	 about	48.3	percentage	of	total	waste	disposed	into	the	landfill	site.		
2.4.3	Issues	raised	by	waste	landfill	and	it	countermeasures	
	 		 The	technical	standards	were	revised	 in	1988	to	strengthen	the	standard	of	the	 liner	 and	 the	 leachate	 treatment	 system.	 In	 a	 revised	 “Guidelines	 for	 MSW	landfill,”	 a	 vertical	 impervious	 wall	 structure	 was	 approved	 for	 the	 leachate	containment	system	in	any	area	with	an	impermeable	subbase	or	natural	liner.	This	is	 a	 dam	 of	 waste,	 and	 was	 used	 when	 waste	 was	 filled	 between	 ridges	 in	 a	mountainside.	When	a	plastic	liner	was	used	at	the	bottom	of	a	landfill,	a	single	liner	was	the	standard	at	this.	Detailed	instructions	for	the	construction	and	operation	of	a	leachate	treatment	plant	were	also	included	in	the	manual	of	the	guidelines.		In	1991,	the	Waste	Disposal	Law	was	revised	substantially	to	promote	waste	reduction	 and	 recycling	 of	 wastes	 in	 addition	 to	 ensure	 proper	 management	 of	municipal	 and	 industrial	 solid	 wastes.	 In	 1992,	 the	 United	 Conference	 of	Environment	 and	 Development	 (the	 Earth	 Summit)	 was	 held	 and	 the	 sustainable	development	became	an	 important	purpose	of	our	activities.	 Japan	recognizes	 that	our	 society	 is	 “mass	production	–	mass	 consumption	–	mass	disposal”	 society	 and	the	 society	 should	 be	 changed	 to	 recycle-oriented	 one.	 In	 2000,	 the	Basic	 Law	 for	Establishing	 the	 Recycle-oriented	 Society	 and	 related	 laws	 were	 promulgated	 or	revised.			
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	 In	 2000,	 the	 “guidelines	 for	 the	 performance	 of	MSW	 landfills”	 became	 the	criterion	 for	 the	 national	 subsidy	 instead	 of	 the	 “guidelines	 for	 MSW	 landfill.”	Thereafter,	 any	 landfill	 can	be	 subsidized	 if	 it	meets	 the	 criteria	 on	 liner,	 leachate	collection,	 etc.	Meanwhile	 the	 “guidelines	 for	MSW	 landfill”	 somewhat	 limited	 the	innovation	 of	 landfill	 structures.	 This	 shift	 opened	 new	 technology	 to	 the	market,	although	the	environmental	standards,	e.g.,	effluent	standards,	became	stricter	at	the	same	time.	In	a	result,	the	development	of	the	new	technology	described	in	the	final	section	of	this	thesis	was	promoted.		The	 situation	 regarding	 emissions	 and	 disposal	 of	 municipal	 solid	 waste	(solid	waste	and	excrement)	in	FY2013	was	surveyed	and	the	results	are	published.	Highlights	 of	 the	 results	 are	 as	 follows.	Amount	of	 disaster	waste	processed	using	state	subsidy	and	the	expenses	are	excluded	since	FY2011.		First,	waste	emissions	and	disposal.	In	term	of	waste	emissions	section,	Total	waste	emission	declined	and	waste	emission	per	person	per	day	 slightly	declined;	total	 waste	 emissions	 of	 0.8%	 down	 from	 FY2012.	 Waste	 emissions/person/day:	958	 grams	 (down	 0.6%	 from	 964	 grams	 in	 previous	 year)	 (In	 case	 foreigner	population	 is	 excluded	 from	 overall	 population	 972	 grams,	 down	 0.6%	 from	 979	grams	 in	 previous	 year).	 In	 contrast,	waste	 disposal	 section,	 the	 amount	 of	waste	disposed	of	by	landfill	declined	by	2.4%	from	previous	year,	and	the	recycling	rate	increased	marginally;	 Amount	 disposed	 of	 by	 landfill:	 4,540,000	 tons	 (down	2.4%	from	 4,650,000	 tons	 in	 previous	 year);	 Waste	 reduction	 rate:	 98.6%	 (98.7%	 in	previous	 year);	 Direct	 landfill	 disposal	 rate:	 1.4%	 (1.3%	 in	 previous	 year);	 Total	amount	of	waste	recycled:	9,270,000	tons	(up	0.1%	from	9,260,000	tons	in	previous	year);	and	Recycling	rate:	20.6%	(up	0.1point	from	20.5%	in	previous	year)		Second,	waste	incineration	plants.	The	report	mentioned	that	the	number	of	waste	 incineration	 plants	 declined	 but	 the	 capacity	 per	 plant	 rose	 marginally.	 In	2014,	28.0%	of	all	plants	were	equipped	with	power	generation	facilities,	and	total	power	 generating	 capacity	 increased.	 Parallels	with	number	 of	 plants:	 down	1.4%	from	1,189	in	previous	year	also	the	capacity	and	capacity	per	plant	were	decreasing	compare	to	previous	year.	It's	a	result	of	reducing	of	number	of	plants	both	residual	heat	plant	and	power	generation	facilities.	In	2013,	total	power	generating	capacity:	
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1,770,000	kilowatts	(up	0.9%	from	1,754,000	kilowatts	in	previous	year).	Third,	 landfill	sites.	Available	capacity	has	 fallen	 for	15	years	 in	a	row	since	1998	 and,	 despite	 some	 fluctuation,	 the	 number	 of	 landfill	 sites	 has	 followed	 a	downward	 trend	 since	 1996.	 Securing	 landfill	 capacity	 consequently	 remains	
difficult.Owing	 to	 the	decline	 in	 the	 volume	of	waste	disposed	of	 by	 landfill,	 the	number	of	remaining	sustainable	years	has	increased	slightly.	Waste	in	areas	such	as	Kanto	and	Chubu	is	being	transported	to	other	areas	due	to	insufficient	local	landfill	capacity.	 In	 2014,	 landfill	 disposal	 operations	 are	 consequently	 becoming	geographically	 broader	 in	 scope.The	 available	 capacity	 was	 down	 4.3%	 from	112,260,000	 cubic	 meters	 in	 previous	 year.	 Along	 together	 with	 the	 number	 of	remaining	sustainable	years	found	that	slightly	decrease	of	19.3	years	(19.7	years	in	previous	year).	
Fourth,	 waste	 disposal	 expenditure.Spending	 on	 waste	 disposal	 services	increased	slightly.	In	term	of	expenditure	on	waste	disposal	services	was	found	that	of	1,851.0	billion	yen	(1788.5	billion	yen	 in	previous	year).	The	main	categories	of	expenditure	 including	 construction	 and	 improvement	 were	 increased	 of	 that	 of	257.5	 billion-yen	 (208.8	 billion	 yen	 in	 previous	 year)	 Disposal	 and	 running	 costs	1,473.8	billion	yen	(1,465.2	billion	yen	in	previous	year).		In	 2015,	 Japan’s	 policy	 on	 the	 environmentally	 sound	 management	 of	mercury	 wastes	 (recommended	 by	 the	 Central	 Environment	 Council	 in	 February	2015)	 revised	waste	 consisting	 of	mercury	 or	mercury	 compounds.	 Based	 on	 the	knowledge	 obtained	 so	 far,	 it	 is	 confirmed	 that	 the	 result	 of	 the	 elution	 test	 of	mercury	with	a	purity	of	99.9%	or	higher	stabilized	as	mercury	sulfide	and	further	solidified	 by	 sulfur	 polymer	 is	 below	 0.005	 mg/L.	 Therefore,	 the	 appropriate	treatment	and	disposal	methods	are	revised	(see	Table	2.3).		The	 future	 of	 methods	 of	 treatment	 and	 final	 disposal	 of	 waste	 element	mercury	concludes	that	as	for	waste	elemental	mercury,	it	is	necessary	to	continue	examination	 of	 methods	 of	 treatment	 and	 final	 disposal	 including	 long-term	monitoring	and	institutional	arrangement	from	the	view	point	of	ensuring	long-term	management	 in	 an	 environmentally	 sound	 manner.	 To	 ensure	 environmentally	
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sound	treatment	and	final	disposal	of	waste	contaminated	with	mercury	or	mercury	compounds,	 such	wastes	with	mercury	 concentrations	 higher	 than	 a	 certain	 level	will	be	designated	as	“industrial	wastes	contaminated	with	mercury”,	and	standards	for	 handling	 such	 wastes	 will	 be	 clarified	 in	 the	 permitting	 conditions	 for	corresponding	 collection	 and	 transport,	 treatment	 operation,	 and	 treatment	 and	disposal	facilities.		
Table	2.3	the	appropriate	treatment	and	disposal	methods	in	Japan	
	
Final	disposal	
site	
Treatment	methods	 Additional	measures	
Landfills	for	industrial	wastes	(leachate-controlled	type)	
Purification+	Sulfurization+	Solidification	(satisfies	the	leaching	standards)	 - Prohibition	of	different	wastes	to	be	mixed	in	a	landfill	site	- Prevention	of	rainwater	inflow	during	operation	- Prevention	of	mercury	releases	- Long-term	archiving	of	landfill	records	- Prevention	of	rainwater	inflow	by	putting	the	impermeable	layer	at	the	top	of	the	landfill	(capping,	etc.)	upon	closure	Landfills	for	hazardous	industrial	wastes	(isolated	type)	
Purification+	Sulfurization+	Solidification	 - Long-term	archiving	of	landfill	records	
	In	 addition,	 the	 waste	 category	 and	 the	 standards	 for	 handling	 will	 be	indicated	 in	 the	 waste	 data	 sheet	 and	 will	 be	 required	 to	 be	 included	 in	 the	consignment	 agreement	 and	 the	waste	manifest.	 This	measurement	 could	 control	mercury	emissions	from	waste	treatment	facilities.	Depending	on	a	form	of	mercury	in	wastes,	if	waste	contaminated	with	mercury	or	mercury	compounds	with	mercury	concentrations	 higher	 than	 a	 certain	 level	 is	 treated	 by	 chelate	 or	 solidified	 by	
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cement,	 there	 is	 a	 risk	 that	 mercury	 is	 released	 from	 such	 wastes	 could	 not	 be	controlled	to	be	low	enough.	A	new	policy	will	require	mercury	recovery	before	other	treatment	processes	from	wastes	with	high	mercury	concentrations	discharged	from	designated	sources,	as	 there	 are	 possibilities	 that	 wastes	 contaminated	 with	 mercury	 are	 landfilled	without	mercury	recovery	due	to	decreased	incentives	for	mercury	recovery	in	the	future	 although	 it	 is	 a	 common	 practice	 to	 recover	 mercury	 from	 such	 wastes	 at	present.	Since	a	social	awaken	cause	of	 illness	from	toxic	element	and	heavy	metal	contaminated.	 In	 near	 future,	 a	 value	 of	 emitted	 toxic	 elements	 and	 heavy	metals	concentration	will	be	improved.			
2.5	Summary			 Waste	 landfill	 is	 an	 engineering	 method	 to	 manage	 a	 waste	 from	 human	activities.	Landfill	leachate	generally	contains	large	amount	of	organic	and	inorganic	load.	One	of	its	characteristic	features	is	an	aqueous	solution	in	which	four	groups	of	pollutant	 are	 present:	 dissolved	 organic	 matter	 (volatile	 fatty	 acid	 and	 more	refractory	 organic	 matter),	 macro	 inorganic	 compounds	 heavy	 metals	 and	xenobiotic	organic	compounds.	Unlikely,	 in	 Japan	 leachate	characteristics	are	quite	different	 dependent	 upon	 waste	 source.	 Almost	 80	 percent	 of	 waste	 is	 fly	 ash	originated	from	incineration.	Most	of	heavy	metals	and	salts	such	as	Cd2+	and	Pb2+,	and	Cl-		will	 reach	 from	 the	 incineration	 fly	 ash	due	 to	 the	 infiltration	of	 rainwater	through	the	fly	ashes.	
		 Leachate	 quality	 depends	 on	 various	 kind	 of	 factors	 but	 mains	 are	 waste	disposal	 types,	 climates,	 temperature,	 moisture	 content.	 It	 is	 difficult	 to	 state	 the	same	 value	 of	 leachate	 quality	 by	 each	 waste	 disposal	 landfill	 site.	 However,	engineer	 challenge	 this	 issues	 using	 engineering	 techniques	 such	 as	 liner	 system,	final	cover,	seepage	detection	system	and	so	on	to	prevent	and	control	the	state	of	landfill	and	leachate.		
		 Landfill	 leachate	 treatment	 technologies	 can	 be	 classified	 as	 follows;	
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biological	 methods;	 chemical	 and	 physical	 methods;	 and	 membrane	 methods.	Following	to	many	published	papers	owing	to	summarized	and	gave	a	guideline	to	design	 and	 to	 select	 a	 suitable	method	 for	 leachate	 treatment.	 In	 order	 to	meet	 a	strict	 quality	 standards	 for	 direct	 discharge	 of	 leachate	 into	 the	 surface	 water,	 a	development	 of	 integrated	 methods	 of	 treatment,	 i.e.	 a	 combination	 of	 chemical,	physical	and	biological	steps,	are	required.		 Recently	in	Japan,	waste	disposal	landfill	site	situation	has	challenged	in	the	past	decade.	According	 to	a	 survey	made	by	 the	Ministry	of	Health	and	Welfare,	 it	was	revealed	that	the	shortage	of	landfill	sites	would	become	serious	problem	in	the	near	future.	Since	1990s,	solid	waste	management	had	become	a	critical	social	issue,	and	 strong	 opposition	 by	 residents	 to	 landfill	 construction	was	 common	 due	 to	 a	NIMBY	 reaction.	Concerns	 about	 landfills	 escalated	after	 reports	of	 a	 leak	 from	an	MSW	 landfill,	 and	 environmental	 pollution	 caused	 by	 uncontrolled	 landfills	 of	industrial	solid	waste.	Under	such	social	pressures,	in	1997,	the	“standard	of	landfill	disposal”	 was	 extended	 to	 apply	 to	 every	 landfill,	 regardless	 of	 size.	 In	 2000,	 the	“guidelines	 for	 MSW	 landfill”	 was	 established.	 This	 shift	 opened	 new	 technology,	although	the	environmental	standards,	e.g.,	effluent	standards,	became	stricter.	The	Waste	Disposal	Law	sets	the	standards	for	landfill	wastes,	which	the	isolated	type	is	used	 for	 the	 disposal	 of	 hazardous	 wastes.	 Leachate-controlled	 type	 is	 used	 to	dispose	of	wastes	other	than	hazardous	and	stable	wastes.	Non-leachate-controlled	type	 is	 used	 to	 dispose	 stable	wastes,	 namely,	 waste	 plastics,	 scrap	 rubber,	 scrap	metal,	waste	glass	and	ceramics	and	construction	waste.		The	 fiscal	 year	 report	 in	 2013	 indicated	 that	 waste	 disposal	 and	 emission	slightly	decrease	also	waste	incineration	plants	effects	to	this	situation.	Since	1996	the	limited	of	loading	capacity	and	number	of	available	landfill	site	were	decreasing.	Moreover,	 in	 2015,	 Japan’s	 policy	 on	 the	 environmentally	 sound	 management	 of	mercury	 wastes	 was	 revised	 in	 term	 of	 waste	 contaminated	 with	 mercury	 or	mercury	 compounds	 treatment	 and	 final	 disposal	 methods.	 Since	 presented	regulation	indicates	that	waste	contaminated	with	mercury	or	mercury	compounds	could	 not	 be	 mixed	 with	 waste	 in	 landfill	 site	 and	 treatment	 process	 decided	 by	purification,	 sulfurization,	 and	 solidification.	 Then	 measurement	 of	 a	 mercury	concentrations	 satisfies	 the	 leachate	 standard.	 Following	 this	 trend,	 the	 status	 of	
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landfill	 sites	 in	 Japan	 seems	 to	 become	 limited	 situation	 in	 the	 few	decades	while	quantity	of	disposal	waste	still	increases	in	every	day.	Therefore,	not	only	dumping	space	must	be	considered	but	also	concentrations	of	toxic	element	and	heavy	metal	must	 be	 discussed,	 due	 to	 social	 concern	 beside	 the	 environment	 issues	 including	water	pollution,	groundwater	pollution,	and	soil	contamination.	According	 to	 the	 state	 mentioned	 in	 this	 chapter,	 a	 new	 landfill	 leachate	treatment	 methods	 are	 proposed	 in	 Chapter	 3.	 Prior	 to	 Japanese	 standard	measurement	 and	 design	 criteria	 the	 hybrid	 adsorbent	 is	 challenged	 to	 apply	 in	waste	disposal	landfill	site	and	landfill	leachate.				
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CHAPTER	3	
	
NEW	SYSTEMS	FOR	MULTI	SAFETY	LANDFILL	LEACHATE	CONTROL	
BY	USING	THE	HYBRID	ADSORBENT				
3.1	Introduction	
		 Recently,	 there	 is	 more	 attention	 paid	 to	 water	 quality	 and	 water	environment	issues	especially	in	developed	countries.	Japan	as	one	of	the	developed	countries,	has	produced	ton	of	pollutants	a	year	contaminated	in	many	ways	such	as	air,	soil,	river,	and	sea.	For	recreation,	not	only	people	prefer	a	good	quality	of	river	water	but	also	have	been	attention	paid	 to	an	environmental	 friendly	 in	 long	 term	issue	too.	Focus	on	waste	disposal	landfill,	an	engineering	method	to	manage	a	final	disposal	 waste	 produced	 by	 human	 activities	 and	 wastes	 from	 other	 sources	especially	in	term	of	hazardous	waste	is	became	important	issue.	A	safety	landfill	is	a	new	challenge.	This	chapter	new	systems	for	multi	safety	landfill	leachate	control	by	using	the	HB	adsorbent	are	briefly	introduced.	To	 achieve	 the	 targets	 of	 safety	 environment,	 landfill	 should	 have	 a	 proper	management	system.	Usually,	there	is	more	than	one	solution	can	be	approached	to	reach	 the	 target.	 It	 is	 not	 easy	 to	 decide	 and	 select	 which	 is	 the	 most	 suitable	method.	Focus	on	landfill	leachate	treatment	using	adsorbent,	reviewing	principal	of	adsorbent	 used	 in	 this	 research	 and	 a	 new	 landfill	 leachate	 control	 systems	 are	carried	out	to	give	an	idea	and	guideline	for	the	future.	The	explanation	including	the	principal	 of	 adsorbents	 including	 zeolite	 (Ze),	 nano-size	 layered	 double	 hydroxide	(NLDH)	and	the	hybrid	adsorbents	(HB)	are	first	discussed.	Then	four	systems	using	the	hybrid	adsorbent	are	explained.	Finally,	the	cost	estimation	of	proposed	system	and	existed	system	for	a	practical	use	are	discussed.			
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3.2	Synthesis	of	the	hybrid	adsorbent	
		 The	hybrid	adsorbent	(HB)	is	synthesized	by	combining	appropriate	ratio	of	two	 types	 inorganic	 material,	 Nano-size	 inorganic	 Layered	 Double	 Hydroxide	(NLDH)	 and	 Zeolite	 (Ze)	 under	 the	 selected	 ratio	 of	 1.14:1.	 Basically,	 hydrotalcite	substances	 as	 one	 of	 composition	 of	 the	 new	 hybrid	 adsorbent	 are	 inorganic	 clay	mineral	 having	 a	 performance	 to	 adsorb	 anionic,	 for	 example	 SO42-,	 NO3-,	 F-,	 etc.	NLDH	is	an	inorganic	ion	adsorbent	having	a	crystallite	size	adjusted	to	a	nano-size	while	the	aforementioned	hydrotalcite	substances	are	artificially	synthesized.	NLDH	is	 the	 general	 names	 for	 various	 compounds	 represented	 	that	have	anions	in	a	nano-sized	layered	structure.	In	this	formula,	M2+	and	M3+	are	divalent	 and	 trivalent	 metal	 ions,	 respectively,	 and	 	is	 the	 exchangeable	 ion	between	 the	 layers.	 In	 the	 hydrotalcites	 (HT)	 employed	 to	 produce	 a	 new	 hybrid	adsorbent,	Magnesium	 (Mg)	 is	 used	 as	 a	 divalent	metal	 ion	 and	Aluminum	 (Al)	 is	used	 as	 a	 trivalent	 metal	 ion,	 and	 Chloride	 (Cl)	 is	 used	 as	 the	 exchangeable	 ion.	Therefore,	 it	 is	 called	 as	Mg-Al-Cl-type.	 After	 selecting	 proper	 components	 size	 of	NLDH	 powder	 was	 adjusted	 to	 a	 diameter	 of	 0.8	 to	 2.0	 mm	 using	 sieve	 method.			 In	contrast,	zeolite	 is	an	 inorganic	clay	mineral	 that	adsorbs	cations.	Zeolite	was	 produced	 from	 waste	 glass	 and	 another	 compound.	 A	 Na-A	 type	 zeolite,	 is	expressed	 as	 .	 The	 diameter	 is	 2	 to	 5	 mm	 and	 its	 cation	exchange	capacity	(CEC)	 is	250	meq/100	g.	This	 type	of	Ze	can	exchange	with	Na+	and	 	in	water.	Zeolite	is	a	collective	term	of	crystalline	alumino-silicate	having	microscopic	 pores	 of	 0.4	 to	 2	 nm	 in	 crystal,	 and	 is	 a	 composite	 oxidative	 product	with	 a	 three-dimensional	 network	 structure	 in	 which	 Si-O	 tetrahedron	 and	 Al-O	tetrahedron	 shares	 a	 vertex	 O	 atom.	 When	 performing	 ion	 exchange	 with	 the	exchangeable	 cations	 (Na+	and	K+)	 contained	 in	 such	a	 three-dimensional	network	structure,	 cations	 that	 are	 elimination	 targets	 are	 adsorbed	 and	 eliminated.		 As	 shown	 in	 Figure	 3.1	 an	 alkaline	 solution	 produced	 in	 the	 production	process	 of	 zeolite	 through	 using	 silica	 derived	 from	 waste	 glass	 and	 an	 acidic	solution	 in	 the	 production	 process	 of	 NLDH	 were	 utilized	 as	 a	 neutralization	
M1−x2+Mx3+(OH )2"# $% Ax/nn− ⋅mH2O"# $%
Ax/nn−
Na2 ⋅2SiO2 ⋅AlO3 ⋅ 4.5H2O
NH4+
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material	in	the	final	production	processes	of	those	substances.	Thereby	synthesizing	a	 hydrotalcite-zeolite	 complex	 exhibits	 a	 revolutionary	 adsorbing	 performance	 of	both	cations	and	anions	simultaneously.	This	test	was	to	synthesize	the	hydrotalcite-zeolite	 complex	 exhibiting	 both	 ions	 adsorption,	 and	 to	 mutually	 utilize	 as	neutralizer	that	was	the	production	materials	of	both	substances.		In	 order	 to	 synthesize	HB-Ze/NLDH	 adsorbent	 (Ohno	 et	 al,	 2014)	with	 the	raw	materials	and	the	solvent	(water)	being	at	the	weight	indicated	in	Table	3.1,	the	raw	material	(A)	was	added	to	the	raw	materials	(B),	stirred	and	sufficiently	mixed,	and	 distilled	water	was	 added.	 Slurry	 obtained	 from	 the	mixing	mentioned	 above	was	 subjected	 to	 a	 solid-liquid	 separation	 by	 filtering,	 and	 an	 obtained	 solid	component	 was	 dried	 for	 ten	 hours	 at	 a	 temperature	 of	 100°C,	 and	 thus	 ion	adsorbents	 of	 test,	 samples	 1	 to	 4	were	 obtained.	 In	 addition,	 as	 a	 reference	 test	sample	1	(zeolite),	55.22	grams	of	the	raw	material	(A)	was	subjected	to	solid-	liquid	separation	 by	 a	 centrifugal	 separator	 (4000	 rpm,	 eight	 minutes),	 and	 a	 solid	component	(zeolite)	was	separated.	A	two	hundred	milliliter	of	distilled	water	was	added	 to	 the	 separated	 solid	 component,	 and	 a	 solid-liquid	 separation	 was	performed	using	the	centrifugal	separator.	This	operation	was	repeated	three	times	to	 rinse	 the	 alkali	 away,	 and	 the	 solid	 component	 was	 dried	 for	 ten	 hours	 at	 a	temperature	 of	 100°C,	 and	 thus	 the	 reference	 test	 sample	 1	 that	 was	 zeolite	 was	obtained.	As	a	reference	test	sample	2	(NLDH),	55.22	grams	of	the	raw	material	(B)	was	 added	 with	 18.5	 wt%	 of	 sodium	 hydroxide	 solution,	 stirred	 and	 sufficiently	mixed,	and	331.32	grams	of	distilled	water	was	added	and	mixed,	thereby	obtaining	slurry.	 The	 obtained	 slurry	was	 subjected	 to	 a	 solid-liquid	 separation	 by	 filtering,	and	 an	 obtained	 solid	 component	 was	 dried	 for	 ten	 hours	 at	 a	 temperature	 of	100°C,	 and	 thus	 the	 reference	 test	 sample	 2	 that	 was	 NLDH	 was	 obtained.	A	zeolite-containing	alkaline	solution	as	the	raw	material	(A)	was	prepared	through	the	following	procedures.	First,	as	a	silica	source,	1000	grams	of	foamed	glass	with	a	grain	size	of	30	to	100	μm	were	prepared,	and	2300	grams	of	sodium	hydroxide	that	was	 an	 alkaline	 solution	 was	 mixed	 therewith,	 and	 heated	 for	 eight	 hours	 at	 a	temperature	of	85	to	95°C	and	at	a	normal	pressure,	thereby	obtaining	a	solution	of	foamed	 glass	 (glass-solution).	 Then,	 31,000	 grams	 of	 sodium	 aluminate	 that	 was	alumina	source	was	mixed	with	the	glass	solution,	and	heated	for	eight	hours	while	being	stirred	at	a	 temperature	of	85	 to	95°C	and	at	normal	pressure	 to	synthesize	
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zeolites,	thereby	obtaining	the	raw	material	(A)	that	was	a	solution	containing	both	zeolites	and	alkaline	solution.	The	zeolite	concentration	in	the	raw	material	(A)	was	10	to	12	wt%,	and	pH	was	14.		The	NLDH	precursor	solution	as	the	raw	material	(B)	was	prepared	 through	 the	 following	procedures.	Then,	17.31	grams	of	magnesium	chloride	hexahydrate	that	was	soluble	salt	containing	triad	metal	(M3+)	were	added	to	27.61	grams	of	distilled	water	and	dissolved	to	obtain	the	raw	material	(B)	that	contained	 the	 precursor	 of	 nano-size	 layered	 double	 hydrotalcite-like	 compound	NLDH.		 Mg	+	Al	mixture	resolution	 	 			 Glass	dissolving	by	NaOH				 Reaction	 	 	 	 	 Reaction					Rinse	NLDH	and	granulation	 	 			Zeolite	slurry	(excessive	Alkali+Ze)									(Sub-product	NaCl)													Adjusted	Grain	size	 	 	 	 	 Rinse									Powdered	and	granulated	NLDH		 	 Powdered	zeolite			 	
Figure	3.1	The	hybrid	adsorbent	producing	processes	
	Neutralize	rinse	water	
	Granulation	
	NaOH	 	Al	
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Source:	Ohno	et	al.	(2014)		
Table	3.1	Raw	material	of	hybrid	adsorbent	
		 		Sample	1	 		Sample	2	 	Sample	3	 		Sample	4	Raw	material	(A)	 Zeolite-containing	alkaline	solution	(g)	 55.22	 110.44	 165.66	 94.76		 Raw	material	(B)	
Magnesium	chloride	hexahydrate	(g)	 17.31	 17.31	 17.31	 17.31	Aluminum	chloride	hexahydrate	(g)	 10.30		 10.30	 10.30	 10.30	Water	(g)	 27.61	 27.61	 27.61	 27.61		 Total	weight	(g)	of	raw	material	(B)	 55.22	 55.22	 55.22		 55.22	Threefold	dilution	(g)	 331.32	 496.98	 662.64	 449.89	Total	weight	(g)	 441.76	 662.64	 883.52	 599.87	Source:	Ohno	et	al.	(2014)			 		
3.3	Characteristics	of	the	new	hybrid	adsorbent	
		 In	conventional	wastewater	treatment	technologies	for	contaminated	water,	heavy	 metals,	 are	 ionized	 with	 water	 being	 as	 a	 solvent,	 and	 in	 the	 process	 of	dissolved	 ions.	Therefore,	 an	adsorption	 technique	using	 cation	or	anion	exchange	resin,	and	cation	or	anion	as	adsorbent	has	been	applied.	The	new	hybrid	adsorbent	was	synthesized	to	achieve	two	functionalities,	cationic	and	anionic	removal	at	 the	same	time.		 Physical	 characteristics	 of	 HB	 evaluated	 by	 scanning	 electron	 microscopy	(SEM)	method.	SEM	images	of	HB,	NLDH	and,	Ze	are	shown	in	Figures	3.2,	3.3a,	and	3.4a,	 respectively.	 The	 SEM	 image	 of	 HB	 shows	 a	 rough	 exchangeable	 surface	compared	to	the	exchangeable	surfaces	of	NLDH	and	Ze	and	therefore	has	a	high	ion	exchange	performance	(Juengjarernnirathorn	et	al,	2016).	Following	the	SEM	image	
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of	 NLDH	 enlarged	 at	 x10000	 times	 found	 the	 smooth	 surface	 layer,	 besides	 the	microstructure	 double	 layer	 (see	 Figure	 3.3b),	 this	 also	 considers	 an	 efficiency	 of	NLDH	on	anionic	removal.	 In	Figure	3.4a,	 the	SEM	image	of	Ze	enlarged	at	x10000	times	show	the	cubic	shape,	these	came	from	tetrahedron	structure	coagulated	into	cubic	shape	(see	Figure	3.4b).	These	physical	characteristic	data	call	 for	possibility	of	HB	 structure,	 proposed	 that	 Ze	was	 inserted	 between	 the	NLDH	 layer	 or	 share	bonding	 on	 the	 edge	 of	 NLDH	 structure.	 The	 primary	 data	 of	 ion	 adsorption	was	characterized	 by	 using	 the	 artificial	 leachate.	 The	 artificial	 leachate	 prepared	 by	standard	solution	and	chemical	reagents.	HCl	and	NaOH	were	used	to	control	pH	of	7	and	this	experiment	was	carried	out	in	controlled	temperature	room	of	20±1°C.	The	concentrations	were	measured	 based	 on	 actual	 concentrations	 in	 landfill	 leachate	(Table	3.2,	Kashiwada	et	al.,	2005).	Comparing	the	ion	adsorption	efficiencies	of	the	hybrid	adsorbent	(HB),	nano-size	layered	double	hydroxide	(NLDH)	and	zeolite	(Ze),	the	artificial	leachate	was	used	to	conduct	a	batch	test.		
		
Figure	3.2	SEM	image	of	HB	
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Figure	3.3a	SEM	image	of	NLDH	
	
		
Figure	3.3b	Microstructure	of	NLDH	Source:	Jairo	et	al.	(2013)			
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Figure	3.4a	SEM	image	of	Ze		
	
Figure	3.4b	Microstructure	of	Na-A	Ze			 						
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Table	3.2	Initial	concentrations	of	chemical	compounds		
in	artificial	leachate.		
	Source:	Kashiwada	et	al.	(2005)		As	shown	in	Figure	3.5,	Cd,	Pb,	As,	and	P	were	efficiently	removed	by	HB	and	zeolite.	It	was	not	surprised	for	cation	removal	of	Ze	as	mentioned	above	while	unexpected	result	for	HB	with	an	efficiency	of	cations	removal	was	more	than	50%	greater	than	that	 for	 pure	 zeolite.	 Moreover,	 Figure	 3.6	 showed	 anion	 removal	 in	 artificial	leachate,	these	also	showed	that	HB	has	a	great	efficiency	anion	removal	especially	fluoride	(F)	and	chromium	(Cr).	The	structure	of	HB	is	renewed	by	mixing	of	Ze	and	NLDH,	Ze	embedded	between	the	layer	of	NLDH	and/or	attach	on	NLDH	surface	(see	Figure.	3.2).	Therefore,	 the	exchangeable	area	of	HB	was	expanded	 larger	 than	the	exchangeable	surfaces	of	pure	Ze	and	pure	NLDH.		
Items	 Initial	concentration	
(ppm)	
Chemicals	
F	 1.74	 F	standard	solution	Cl	 3060	 P	standard	solution	NO3	 468	 KNO3	B	 2.243	 B	standard	solution	Na	 1503	 NaCl	Mg	 106.9	 	Ca	 216.4	 CaCl2	K	 706.4	 KI	Cd	 0.001166	 Cd	standard	solution	Cr	 0.001205	 Cr	standard	solution	Pb	 0.002488	 Pb	standard	solution	As	 0.000648	 As	standard	solution	
MgCl2 ⋅6H2O
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Figure	3.5	Comparison	of	cation	removal	in	artificial	leachate	Source:	Juengjarernnirathorn	et	al.	(2016)		
	
Figure	3.6	Comparison	of	anion	removal	in	artificial	leachate	Source:	Juengjarernnirathorn	et	al.	(2016)		
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3.4	New	systems	for	multi	safety	landfill	leachate	control	
		 In	the	present	situation,	a	harmfulness	of	heavy	metal	and	toxic	substance	are	become	 serious	 issues	 as	many	 countries	 try	 to	 develop	 landfill	 system	with	 less	pollution.	 In	 Japan,	 loading	 capacity	 of	 landfill	 site	 becomes	 limited	 while	 waste	production	still	 increasing	according	to	volume	of	disposal	waste.	As	mentioned	 in	Chapter	2,	 available	 landfill	 sites	 in	 Japan	are	decreases	year	by	year.	 Incineration	process	becomes	major	system	to	reduce	volume	of	waste	dumping	space	in	landfill	site.	 Organic	 compounds	 inside	 waste	 were	 treated	 and	 removed	 by	 incineration	process,	 while	 toxic	 and	 heavy	 metals	 remain	 in	 fly	 ash	 at	 the	 end	 of	 process.	Leachate	 reached	 from	 fly	 ash	 contains	 in	 term	of	 inorganic	 substances	which	 are	difficult	to	treat	by	biological	process	and	heavy	metals.	The	solution	to	treat	landfill	site	 is	 not	 only	 leachate	 treatment	but	 also	 good	prevention	 systems	 and	 leachate	control	system	are	revised.				
3.4.1	Application	of	 the	hybrid	 adsorbent	 as	 temporary	 cover	 layer	between	
dumping	waste	layer				 The	process	on	dumping	waste	into	landfill	site	is	not	finished	in	one	time	of	open	dumping	site.	Landfill	site	accepted	large	tons	of	waste	and	took	many	years	to	complete	 the	 final	 close.	 Meanwhile,	 during	 opening	 dumping	 area	 middle	 cover	layer	is	necessary	to	prevent	dispersing	waste	during	heavy	rain.	Basically,	fine	sand	is	used	to	cover	between	waste	 layer.	The	 important	key	points	 to	use	sand	are	to	prevent	 the	 damage	 of	 waste	 surface	 and	 to	 avoid	 overflow	 of	 excess	 rain	 water	during	heavy	rain.	Therefore,	permeability	of	cover	material	is	one	of	the	important	parameter	 to	decide	a	 suitable	 cover	material,	which	 should	not	be	 low	or	high	 in	spite	 of	 water	 or	 air	 passing	 through.	 The	 manuscript	 of	 landfill	 site	 design	recommended	design	ratio	between	thickness	of	dumping	waste	and	cover	layer	of	3	meters	per	0.5	meters	by	assuming	heat	 loss	equals	 to	15	percent.	Not	only	 lining	system,	 final	 cover,	 and	 leachate	 collection	 system	 are	 play	 an	 important	 role	 to	landfill	 pollution	 control	 system	 but	 also	middle	 cover	 layer	 can	 be	 a	 one	 part	 to	prevent	 and	 reduce	 an	 effect	 of	 heavy	 metals	 and	 toxic	 substances	 occurred	 by	composition	of	waste	disposed	inside	dumping	area	as	well.			
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	 In	this	method,	to	enhance	a	function	of	middle	cover	layer	the	HB	and	PAC	were	used	and	mixed	with	fine	sand	(see	Figure	3.7).	Using	column	to	evaluate	this	phenomena	 leachate	was	 collected	 at	 the	 end	 of	 the	 column.	 The	 outcome	 of	 this	method	was	presented	in	term	of	ions	removal	concentration	by	time.		
	
Figure	3.7	Illustration	of	landfill	using	sand-HB	mixtures		
in	the	middle	layer		
3.4.2	Leachate	treatment	by	hybrid	adsorbent	in	adsorption	process		
		 Basically,	 adsorption	 is	 the	 process	 of	 accumulating	 substances	 that	 are	 in	solution	on	a	 suitable	 interface.	Adsorption	 is	 a	mass	 transfers	operation	 in	 that	 a	constituent	in	the	liquid	phase	is	transferred	to	the	solid	phase.	The	adsorbent	is	the	solid,	 liquid,	 or	 gas	 phase	 onto	 which	 the	 adsorbate	 accumulates.	 Although	adsorption	is	used	at	the	air-liquid	interface	in	the	flotation	process,	only	the	case	of	adsorption	 at	 the	 liquid-solid	 interface	 will	 be	 considered	 in	 this	 discussion.	 The	adsorption	 process	 has	 not	 been	 used	 extensively	 in	 wastewater	 treatment,	 but	demands	 for	 a	 better	 quality	 of	 treated	 wastewater	 effluent,	 including	 toxicity	reduction,	have	led	to	an	intensive	examination.	To	 examine	 system	 at	 equilibrium,	 the	 following	 parameters	 were	 used:	sorption	capacity	of	the	substrate	(qe)	expressed	in	term	of	ion	amount	adsorbed	on	the	 unitary	 natural	 sorbent	mass	 (mmol/g)	 and	 sorption	 efficiency	 of	 the	 system	
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(%R)	 indicated	 from	 the	 percentage	 of	 ion	 removal	 relative	 to	 the	 initial	 amount.	These	parameters	have	been	calculated	as	indicated	below:		 !"	 = %&		−%() 		 	 	 				 						 				(3.1)		where;	Co			=	Initial	concentrations	(mmol/L)	Ce				=	final	concentrations	(mmol/L)	s				=	concentration	of	adsorbent	in	the	mixture	(g/L)			 	 	 									%+ = ,-.,/,- ×100	 	 	 	 				(3.2)		Where;	Co		=	Initial	concentration	(mg/L)	Ct			=	Residual	concentration	at	time	(mg/L)			
		
Figure	3.8	Illustration	of	landfill	using	HB	to	treat	landfill	leachate	as		
pre-treatment	method				
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Figure	3.9	Illustration	of	landfill	using	HB	to	landfill	leachate	control		
as	filter	material	in	leachate	collection	pipe		In	 Figure	 3.8	 and	 3.9	 landfill	 leachate	 treatment	 method	 by	 adsorption	process	 is	 normally	 used	 in	 present	 and	 as	 a	 filter	 in	 leachate	 collection	 pipe.	According	 to	 synergic	 of	 HB,	 which	 mentioned	 above	 inspire	 to	 apply	 as	 new	adsorbent	 in	 adsorption	 process.	 The	 fix-bed	 continuous	 flow	 in	 lab-scale	 is	conducted	 in	 this	experiment	to	obtain	a	continuous	adsorption	data.	A	 leachate	 is	sampled	every	hour	until	48	hours,	then	continue	sampling	leachate	every	24	hours.	The	data	obtained	from	this	system	is	used	to	evaluate	adsorption	efficiency	due	to	contact	time	and	also	the	hydraulic	retention	time.	The	mechanism	of	adsorption	on	HB	 is	 evaluated	 in	 term	 of	 adsorption	 capacity.	 This	 shows	 a	 real	 leachate	 pre-treatment	system	used	 in	 landfill	 leachate.	The	benefits	of	 these	systems	show	the	reduction	 of	 leachate	 treatment	 loading	 and	 extension	 service	 life	 of	 leachate	collection	pipe.			
3.4.3	Improvement	of	lining	layer	by	hybrid	adsorbent	
		 Bottom	 lining	system	 is	an	engineering	method	 to	hold	 the	 landfill	 leachate	passing	through	waste	layer.	To	concern	prevention	system,	bottom	liner	has	many	types.	 Many	 publication	 papers	 mentioned	 about	 compacted	 clay	 liner	 (CCL),	recommended	 by	 Environmental	 Protection	 Agency	 (EPA)	 that	 CCL	 systems	 can	achieve	hydraulic	conductivity	values	much	lower	than	the	EPA's	minimum	value	of	1x10-7	 cm/s.	 Values	 in	 the	 range	 of	 10-8	 and	 even	 10-9	cm/s	 can	 be	 achieved	with	
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careful	 construction	 and	 quality	 assurance.	 With	 such	 low	 levels	 of	 hydraulic	conductivity,	the	compacted	clay	liner	is	a	viable	choice	as	a	municipal	landfill	lining	system.	To	achieve	hydraulic	conductivity	values	in	this	range,	several	aspects	of	the	clay	liner	must	be	considered.			 In	 Japan,	bottom	 lining	 systems	 for	 controlled	 landfills	have	been	 regulated	by	 the	 Japanese	 Ministry	 of	 Health	 and	 Welfare	 (JMHW)	 since	 1998.	 However,	Japanese	 regulations	 for	 bottom	 liner	 are	 not	 as	 strict	 as	 most	 European	 and	American	 regulations	 and	 are	 less	 effective	 in	 reducing	 the	 discharge	 of	contaminants,	Kamon	and	Katsumi	(2001).	A	few	researches	on	effect	of	anion	have	been	 carried	 out.	 For	 example,	 the	 fluoride	 and	 phosphate	 anions	 are	 usually	considered	 as	 the	main	 ions	 causing	 environmental	 deterioration	of	 ground	water	(Edzwald	et	al.,	1976;	Brett	et	al.,	2005;	Reardon	and	Wang,	2000).	However,	anions	removal	 from	 leachate	 by	 soils	 and	 the	 influence	 on	 hydraulic	 conductivity	 were	studied	by	some	authors	(Kau	et	al.,	1997a,	1998;	Peterson	and	Gee,	1985;	Robert,	1993).	 Therefore,	 the	 effects	 of	 anions	 through	 soils,	 ground,	 and	 surface	water	 is	essential	for	long-term	management	of	landfill	disposal	site.			 The	 clay	 liner	 material	 is	 expected	 to	 have	 high	 sorption	 capacity	 for	contaminants	and	low	hydraulic	conductivity.	Bentonite	is	widely	used	amendments	with	clay.	However,	the	cation	exchange	capacity	of	bentonite	is	smaller	than	zeolite.	These	 fact	 is	 supported	a	 feasibility	 to	apply	 the	HB	 in	CCL.	Possibility	of	applying	the	HB	 to	 produce	 new	 type	 of	 CCL	 gave	 an	 alternative	 improved	material,	which	performs	 higher	 and	 better	 adsorption	 ability	 for	 ions	 removal	 especially	 anion	species.	 These	 are	 useful	 for	 landfill	 prevention	 method	 to	 reduce	 contamination	loading	in	leachate.	The	natural	clay	located	close	to	Ariake	sea	was	selected	for	its	high	 adsorption	 capacity	 (Du	 et	 al.	 2000).	 Two	 materials	 selected	 in	 this	 work,	Bentonite-Na	(as	normally	used	in	compacted	clay	liner)	and	the	HB.	Refering	Wei	et	al.	(2014),	6%	of	adsorbent	was	selected	to	mix	with	clay.	The	results	presented	in	term	of	geotechnical	and	environmental	field.		
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Figure	3.10	Illustration	of	lining	system	by	using	HB	amendment	compacted	
clay	liner	layer		Figure	 3.10	 showed	 an	 illustration	 of	 landfill	 lining	 system	 by	 using	 HB	amendment	compacted	clay	liner	(HB-CCL)	layer.	There	is	flexible	way	to	apply	HB-CCL,	 for	example	combining	with	Bentonite-CCL	as	double	 layer	or	use	as	primary	liner	layer.	
3.4.4	Cost	estimation	comparison	of	landfill	leachate	control	system			 Three	major	issues	tend	to	influence	and	affect	landfill	siting:	Environmental	impact,	 Economic	 consequences,	 and	 political	 considerations.	 Geotechnical	 and	hydrogeological	considerations	can	be	subsumed	within	the	environment	category.	The	 goal	 is	 to	 select	 a	 secure	 site	 that	 will	 provide	 the	 best	 public	 health	 and	environmental	protection	in	the	event	of	a	landfill	containment	failure.	Focus	on	the	main	 factors	 to	 consider	 in	 assessing	 the	 suitability	 of	 a	 site	 are	 categorized	 into	three	 factors;	 economic	 factors,	 socioeconomic	 factors,	 and	 environmental	 or	geotechnical	factors	(Oweis,	1998).	Moreover,	varying	upon	the	alterations	of	time,	place	 and	 context,	 environmental	 effectiveness,	 technological	 feasibility,	 social	acceptability	 and	 economical	 affordability	 (chemicals,	 energy	 consumption,	treatment	 facilities,	 labor,	 transportation,	 collection	 and	maintenance)	 are	 usually	the	key	drivers	deciding	its	flexibility,	reliability	and	sustainable	manner.	Parallel	to	the	 central	 principles	 of	 waste	 management	 hierarchy,	 the	 paradigm	 shift	 of	individual	and	groups	recycling,	 recovering,	reuse	and	reduction	(quantity,	weight,	
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volume	and	toxicity)	throughout	the	waste	chain	has	seen	a	panacea	and	new	menu	to	the	waste	minimization	strategy	(Benítez	et	al.,	2003;	Duggan,	2005).		Accordingly,	 the	 urgency	 of	 conceiving	 and	 administering	 of	 strategic,	corrective	and	transparent	polices,	mandates	and	standards	which	are	governing	the	collection,	 transportation,	 disposal	 prevention,	 recycling,	 reuse,	 monitoring,	designing	and	supervision	of	solid	waste	management	ought	to	be	pointed	out	and	well-planned.	 Increasingly,	 the	 sound	 professional	 knowledge	 of	 creating	environmental	 awareness	 for	 adequate	 financial	 provisions,	 engineering	 and	operating	 standards,	 responsibilities	 sharing,	 product	 stewardship,	 staff	 capacities	upgrading,	 public	 participation,	 formal	 procedures	 redressing,	 regular	 opinion	survey,	site	rehabilitation	and	aftercare	maintenance	need	 to	be	properly	assigned	and	 counteracted.	 Therefore,	 in	 term	 of	 safety	 landfill	 the	HB	 is	 given	 a	 value	 for	minimize	leachate	pollution	issue.	Harmful	substances	are	reduced	by	using	the	HB	adsorbent.	 It	 is	 result	 in	 long	 term	safety	 landfill,	 even	 landfill	 is	 closed	 remaining	harmful	 substances	 were	 removed.	 Moreover,	 using	 the	 HB	 to	 landfill	 leachate	control	 system	 is	 reduced	 cost	 for	 leachate	 pretreatment	 including,	 cost	 for	operation	tank,	cost	for	chemical/physical	treatment	as	well.		
3.5	Leachate	analysis	method	
	 Leachate	analysis	technique	are	conducted	by	mainly	two-types	of	analyzers,	inductively	 coupled	plasma	mass	 spectrometry	 (ICP-MS)	 and	 ion	 chromatography.	Ion	chromatography	is	used	for	chemical	analysis	of	water.	Ion	chromatographs	are	able	 to	measure	concentrations	of	major	anions,	 such	as	 fluoride,	 chloride,	nitrate,	nitrite,	 and	 sulfate,	 as	 well	 as	major	 cations	 such	 as	 lithium,	 sodium,	 ammonium,	potassium,	 calcium,	 and	 magnesium	 in	 the	 parts-per-billion	 (ppb)	 range.	Concentrations	of	organic	acids	can	also	be	measured	through	ion	chromatography.	ICS-900	 Ion	 Chromatography	 System	 (Dionex	 ICS-900)	 performs	 isocratic	 ion	analyses	 using	 suppressed	 conductivity	 detection.	 The	 dionex	 ICS-900	 is	 an	integrated	ion	chromatography	system	consisting	of	a	pump,	an	injection	valve,	and	a	conductivity	cell.	Other	system	components	(guard	column,	separator	column,	and	suppressor)	are	ordered	separately.	Figure	3.11	shows	illustration	of	the	front	door	
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and	top	cover	of	 the	 thermo	scientific	dionex	 ICS-900	Ion	Chromatography	System	(PerkinElmer.	Inc.).		ICP-MS	 is	 an	 analytical	 technique	 used	 for	 elemental	 determinations.	 The	technique	was	commercially	introduced	in	1983	and	has	gained	general	acceptance	in	many	types	of	laboratories.	Geochemical	analysis	labs	were	early	adopters	of	ICP-MS	 technology	 because	 of	 its	 superior	 detection	 capabilities,	 particularly	 for	 the	rare-earth	 elements	 (REEs).	 ICP-MS	 has	 many	 advantages	 over	 other	 elemental	analysis	 techniques	 such	 as	 atomic	 absorption	 and	 optical	 emission	 spectrometry,	including	ICP	Atomic	Emission	Spectroscopy	(ICP-AES),	including:	• Detection	limits	for	most	elements	equal	to	or	better	than	those	obtained	by	Graphite	furnace	atomic	absorption	spectroscopy	(GFAAS)	• Higher	throughput	than	GFAAS	• The	ability	to	handle	both	simple	and	complex	matrices	with	a	minimum	of	matrix	interferences	due	to	the	high-temperature	of	the	ICP	source	• Superior	detection	capability	to	ICP-AES	with	the	same	sample	throughput	• The	ability	to	obtain	isotopic	information.	
 
Figure	3.11	Thermo	Scientific	Dionex	ICS-900	Ion	Chromatography	System	
Source:	PerkinElmer,	Inc.		Doc. 065215-04 10/12 7
2 • Description
2.1 Operating Features
2.1.1 Front Door and Top Cover
Figure 2-1 illustrates the front door and top cover of the Thermo 
Scientific Dionex ICS-900 Ion Chromatography System (Dionex 
ICS-900).
Figure 2-1.  Thermo Scientific Dionex ICS-900 Ion Chromatography 
System
Status LEDs
Injection
Port
Regenerant 
Bottle
Eluent Bottle
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	
Figure	3.12	The	ICP	Torch	showing	the	fate	of	the	sample.	
Source:	PerkinElmer,	Inc.		An	ICP-MS	combines	a	high-temperature	ICP	source	with	a	mass	spectrometer.	The	ICP	source	converts	the	atoms	of	the	elements	in	the	sample	to	ions.	These	ions	are	then	 separated	 and	 detected	 by	 the	 mass	 spectrometer.	 Figure	 3.12	 shows	 a	schematic	 representation	 of	 an	 ICP	 source	 in	 an	 ICP-MS.	 Argon	 gas	 flows	 inside	the	 concentric	 channels	of	 the	 ICP	 torch.	The	RF	 load	 coil	 is	 connected	 to	 a	 radio-frequency	(RF)	generator.	As	power	is	supplied	to	the	load	coil	from	the	generator,	oscillating	electric	and	magnetic	fields	are	established	at	the	end	of	the	torch.	When	a	spark	is	applied	to	the	argon	flowing	through	the	ICP	torch,	electrons	are	stripped-off	of	 the	argon	atoms,	 forming	argon	ions.	These	 ions	are	caught	 in	the	oscillating	fields	 and	 collide	with	 other	 argon	 atoms,	 forming	 an	 argon	 discharge	 or	 plasma.	The	sample	is	typically	introduced	into	the	ICP	plasma	as	an	aerosol,	either	by	aspirating	 a	 liquid	 or	 dissolved	 solid	 sample	 into	 a	 nebulizer	 or	 using	 a	 laser	 to	directly	convert	solid	samples	into	an	aerosol.	Once	the	sample	aerosol	is	introduced	into	 the	 ICP	 torch,	 it	 is	 completely	 desolated	 and	 the	 elements	 in	 the	 aerosol	 are	converted	first	into	gaseous	atoms	and	then	ionized	towards	the	end	of	the	plasma.	The	most	important	things	to	remember	about	the	argon	ICP	plasma	are:		
	 -	61	-	
• The	 argon	 discharge,	 with	 a	 temperature	 of	 around	 6000-10000°K,	 is	 an	excellent	ion	source.	• The	 ions	 formed	by	 the	 ICP	discharge	are	 typically	positive	 ions,	M+	or	M+²,	therefore,	elements	that	prefer	to	form	negative	ions,	such	as	Cl,	I,	F,	etc.,	are	very	difficult	to	determine	via	ICP-MS.	• The	 detection	 capabilities	 of	 the	 technique	 can	 vary	 with	 the	 sample	introduction	 technique	 used,	 as	 different	 techniques	 will	 allow	 differing	amounts	of	sample	to	reach	the	ICP	plasma.	• Detection	capabilities	will	vary	with	the	sample	matrix,	which	may	affect	the	degree	of	 ionization	 that	will	occur	 in	 the	plasma	or	allow	 the	 formation	of	species	that	may	interfere	with	the	analytical	determination.	Once	the	elements	in	the	sample	are	converted	into	ions,	they	are	then	brought	into	the	mass	 spectrometer	 via	 the	 interface	 cones.	 The	 interface	 region	 in	 the	 ICP-MS	transmits	the	ions	traveling	in	the	argon	sample	stream	at	atmospheric	pressure	(1-2	torr)	into	the	low-pressure	region	of	the	mass	spectrometer	(<1	x	10-5	torr).	This	is	done	 through	 the	 intermediate	 vacuum	region	 created	by	 the	 two	 interface	 cones,	the	sampler	and	the	skimmer	(see	Figure	3.13).			


Figure	3.13	The	interface	region	of	an	ICP-MS.
Source:	PerkinElmer,	Inc.	
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Figure 3.14 Agilent	7700	Series	ICP-MS 		 The	sampler	and	skimmer	cones	are	metal	disks	with	a	small	hole	(∼1mm)	in	the	 center.	 The	 purpose	 of	 these	 cones	 is	 to	 sample	 the	 center	 portion	 of	 the	 ion	beam	coming	from	the	ICP	torch.	A	shadow	stop	(see	Figure	3.13)	or	similar	device	blocks	the	photons	coming	from	ICP	torch,	which	is	also	an	intense	light	source.	Due	to	the	small	diameters	of	the	orifices	in	the	sampler	and	skimmer	cones,	ICP-MS	has	some	limitations	as	to	the	amount	of	total	dissolved	solids	in	the	samples.	Generally,	it	is	recommended	that	samples	have	no	more	than	0.2%	total	dissolved	solids	(TDS)	for	best	instrument	performance	and	stability.	If	samples	with	very	high	TDS	levels	are	run,	the	orifices	in	the	cones	will	eventually	become	blocked,	causing	decreased	sensitivity	 and	 detection	 capability	 and	 requiring	 the	 system	 to	 be	 shut	 down	 for	maintenance.	 These	 cause	 many	 sample	 types,	 including	 digested	 soil	 and	 rock	samples	must	be	diluted	before	running	on	ICP-MS	(see	Figure	3.14).						
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3.6	Summary	
		 The	HB	is	introduced	in	this	chapter,	synthesis	of	HB	with	NLDH	and	Ze	was	used	 to	 produced	 HB	 by	 mixing	 appropriated	 ratio.	 Anion	 removal	 of	 NLDH	 and	cation	 removal	of	Ze,	 these	 two	benefits	brought	out	advance	characteristic	of	HB,	which	can	adsorb	both	anionic	and	cationic	ions.	These	merits	are	evaluated	by	SEM	method,	it	shows	cubic	shape	of	Ze	embedded	NLDH	and	attached	on	the	surface	of	NLDH.	Moreover,	the	batch	test	data	with	artificial	leachate	supported	the	evidence	that	HB	has	synergy	effects	on	ions	removal.		 Conversely,	target	water	normally	contains	both	cations	and	anions.	Hence,	if	the	aforementioned	ion	adsorbent	is	used	in	solo,	either	one	of	cations	or	anions	can	be	 adsorbed.	 Then,	 it	 is	 necessary	 to	 select	 an	 adsorbent	 in	 accordance	 with	 the	process-targeted	 water,	 and	 when	 it	 is	 necessary	 to	 eliminate	 both	 ions,	 it	 is	necessary	 to	apply	 the	 two	kinds	of	adsorbents.	Moreover,	when	 those	adsorbents	are	mixed	and	used,	 it	 is	quite	difficult	to	uniformly	mix	both,	and	even	if	both	are	mixed,	 the	 resultant	 becomes	 an	 ion	 adsorbent	 exhibiting	 a	 non-uniform	performance.	In	addition,	when	both	are	not	mixed	but	filled	in	respective	adsorbent	towers,	 and	 water	 is	 let	 there	 through	 to	 process	 the	 water,	 it	 is	 necessary	 to	prepare	reliable	facilities	and	to	manage	those	individually.	This	needs	large	costs.		 Furthermore,	 in	 this	 chapter	 three	 method	 are	 proposed	 according	 to	 the	basic	concept	of	MSW,	application	of	hybrid	adsorbent	as	temporary	cover	soil	layer	between	 dumping	 waste	 layer,	 leachate	 treatment	 by	 hybrid	 adsorbent	 in	adsorption	process,	and	Improvement	of	liner	layer	by	hybrid	adsorbent	to	enhance	the	 efficiency	 of	 landfill	 leachate	 treatment,	 besides	 prevention	 method.	 In	 each	method,	there	are	different	purposes	and	functions.	However,	 these	three	methods	have	an	intersection	point	that	is	quality	of	landfill	leachate.			 To	finding	on	environmental	and	economic	costs	have	important	implications	for	the	optional	location	and	scale	of	new	alternative	leachate	control	systems	were	it	 to	 proceed.	 The	 comparison	 of	 costs	 and	 benefits	 show	 that	 the	 economic	desirability	of	 leachate	control	system	is	greatly	dependent	on	how	well	 the	safety	system	can	be	prolong	after	closing	the	landfill.		Finally,	 to	 evaluate	 an	 accuracy	 data,	 the	 concept	 of	 basic	 theory	 and	 basic	principle	of	the	analytic	method	is	necessary	to	declare.	The	leachate	quality,	target	
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ions	was	analyzed	and	evaluated	by	 standard	equipment,	 following	 to	 ICP-MS	and	ion	chromatography.	 	In	Chapter	4,	a	detailed	of	application	of	hybrid	adsorbent	as	temporary	cover	soil	layer	between	dumping	waste	layer	is	introduced.	The	design	concept	and	leachate	quality	are	described.	
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CHAPTER	4		
APPLICATION	OF	THE	HYBRID	ADSORBENT	AS	MIDDLE	COVER	
LAYER	BETWEEN	DUMPING	WASTE	LAYER			
4.1	Introduction	
		 The	generation	of	solid	waste	is	inevitable	in	the	day-to-day	main	activity	of	humans.	 As	 humans	 strive	 to	 keep	 the	 environment	 clean	 to	 avoid	miscellaneous	things	 from	 bacteria,	 viruses,	 and	 toxic	 by	 dumping	 solid	 waste	 in	 landfills,	 they	create	another	environmental	problem.	Current	situation	of	land	use	in	Japan	as	one	of	developed	countries	has	been	a	crucial	issue,	growing	demand	of	land	for	houses,	public	 spaces,	 infrastructures,	 and	 so	 on.	 During	 disposal	 of	 waste	 the	 opened	landfill,	leakage	of	contaminated	waste	is	one	of	concerns.	Temporary	cover	layer	is	a	 simple	 solution	 to	 keep	 and	 cover	 disposal	waste	 including	 solid	waste	 to	 small	particles	 as	 fly	 ash.	 In	 conventional	 methods,	 sand	 and	 high	 value	 of	 hydraulic	conductivity	 soil	 are	 used	 to	 cover	 in	 the	middle	 layer	 between	waste	 and	waste.	Waste	 disposal	 landfills,	 which	 contains	 biodegradable	 wastes	 with	 high	 value	 of	hydraulic	conductivity	soil	or	sand	is	necessary,	these	performed	aerobic	condition	at	which	microorganism	or	bacteria	activities	are	sufficient.	Moreover,	it	can	prevent	leachate	overflow	during	a	heavy	rain.			 In	Chapter	3,	new	landfill	leachate	control	systems	are	informed	in	brief.	This	chapter,	 the	 new	 application	 of	 the	 hybrid	 adsorbent	 as	 temporary	 cover	 layer	(middle	cover	 layer)	 is	described.	To	sum	up	 to	 the	concept	of	design	and	select	a	cover	materials	characteristic	of	waste	dumping	method	are	clarified.							
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4.2	Characteristic	of	waste	dumping	method		
	 There	are	three	general	methods	of	landfills,	which	are:	area	method,	trench	method,	 and	 ramp	or	 slope	method	 (Repetto,	 1995).	 Focus	on	popular	 trench	and	area	methods,	 along	with	 combinations	of	both,	 they	are	using	 in	 the	operation	of	landfills.	Both	methods	were	operated	on	the	principle	of	a	"cell,"	which	in	landfills	comprises	the	compacted	waste	and	soil	covering	for	each	day.	The	trench	method	is	good	in	areas	where	there	is	relatively	little	waste,	low	groundwater,	and	the	soil	in	over	1.8	m	deep.	The	area	method	is	usually	used	to	dispose	large	amounts	of	solid	wastes.	
In	the	trench	method,	a	channel	with	a	typical	depth	of	4.6	m.	is	dug,	and	the	excavated	soil	is	later	used	as	a	cover	over	the	waste.	Grading	in	the	trench	method	must	accommodate	the	drain-off	of	rainwater.	Another	consideration	is	the	type	of	subsurface	soil	that	exists	under	the	topsoil.	Clay	is	a	good	source	of	soil	because	it	is	nonporous.	 Weather	and	 time	 at	 the	 landfill	 will	 be	 in	 use	 for	 additional	considerations.	
In	 the	area	method,	 the	solid	wastes	and	cover	materials	are	compacted	on	top	of	the	ground.	This	method	can	be	used	on	flat	ground,	in	abandoned	strip	mines,	gullies,	ravines,	valleys,	or	any	other	suitable	land.	This	method	is	useful	when	it	is	not	possible	to	create	a	landfill	below	ground.	
A	combination	method	is	called	the	progressive	slope	or	ramp	method,	where	the	depositing,	covering,	and	compacting	are	performed	on	a	slope.	The	covering	soil	is	excavated	in	front	of	the	daily	cell	where	there	are	no	cover	materials	at	the	site,	it	is	then	brought	in	from	outside	sources.	
The	manuscript	of	landfill	site	design	recommended	design	ratio	between	thickness	of	dumping	waste	and	cover	layer.	Recommended	waste	and	sand	or	soil	cover	ratio	was	 6:1	 (heat	 loss	 15%).	 Conventional	 temporary	 cover	 method	 use	 sand	 as	 a	temporary	 cover	 between	 each	 dumping	 cells.	 However,	 as	 sand	 does	 not	 have	significant	 adsorption	 capacity	 except	metal	precipitation	and	 sedimentation	 to	be	
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occur.	 This	 has	 prompted	 a	 growing	 research	 interest	 in	 establishing	 a	 leading	selective,	 reliable	 and	 durable	 alternative	 for	 the	 treatment	 of	 heavily	 polluted	leachates.	 Of	 late,	 a	 wide	 variety	 of	 scientific	 publications	 covering	 the	 collection,	storage	and	appropriate	 treatment	of	 the	highly	contaminated	 landfill	 leachates	or	its	 manifestations	 have	 currently	 been	 exerted	 (Renou	 et	 al,	 2008).	 In	 the	 waste	disposal	 process,	 a	 controlled	 disposal	 procedure	 is	 unavoidable,	 either	 for	 the	disposal	of	genuine	waste	or	materials	that	remain	after	the	treatment	process,	or,	as	necessary,	if	the	main	process	cannot	be	carried	out	in	certain	period	because	of	interruption,	 defect,	 overhaul,	 or	 out	 of	 other	 reasons.	 Sanitary	 landfills	 are	necessary	 in	 any	 chosen	waste	management	 option,	 because	 there	will	 always	 be	waste	to	be	disposed	of	on	landfills.	In	this	sense,	locating	potential	landfill	sites,	as	the	most	commonly	used	process	through	which	a	huge	amount	of	collected	waste	is	treated,	 should	 be	 given	 great	 attention	 in	 the	 waste	management	 process,	 i.e.	 in	spatial	planning	process.	This	is	a	very	delicate	and	very	important	process	from	the	viewpoint	 of	 the	 protection	 of	 key	 environmental	 factors	 (land,	 water	 and	 air),	landscape	 values,	 as	well	 as	 the	 protection	 of	 population	 health	 (Boško,	 2003).	 In	order	to	improve	cover	layer	functions	adsorbent	 like	the	HB	and	PAC	were	mixed	with	sand	and	evaluated	adsorption	capacity,	decided	mixing	ratio	will	be	described	in	the	next	sections.				
4.3	Lab-scale	column	test	
	
	 In	 this	 experiment,	 three	 columns	were	 used	 to	 conduct	 the	 experiment	 in	varying	 mixed	 temporary	 cover	 materials,	 which	 are	 sand-PAC	 mixed,	 sand-HB	mixed,	 and	 fine	 sand.	 Decided	 composition	 volume	 of	 temporary	 cover	 layer	 per	waste	 ratio	 is	 assumed	 by	 the	 landfill	 design	manuscript	 in	 Japan.	 A	 dirty	 fly	 ash	received	 from	 waste	 incineration	 in	 Japan	 is	 used	 in	 this	 experiment.	 The	 input	water	source	and	volume	are	determined	by	average	precipitation	per	year	in	Japan	and	 dechlorinating	 tap	water	was	 used	 as	 input	water.	 The	 leachate	 produced	 by	columns	 are	 collected	 following	 the	 decided	 schedule.	 Then	 leachate	 quality	 was	analyzed	by	ICP-MS	and	ion	chromatography.	
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4.3.1	Lab-scale	column	design			 The	experiment	was	conducted	in	the	laboratory	scale;	clear	pipe	100	mm	of	diameter	 is	 used	 to	 reproduce	 refer	 to	 the	 real	 waste	 disposal	 landfill	 site.	 The	illustrate	 of	 column	 specification	described	 in	 Figure	4.1	 shows	 total	 height	 of	 1.5	meters	 is	 divided	 into	 three	 layers,	 300	mm	 of	 fly	 ash	 layer	 and	 50	mm	 of	 cover	layer.	The	number	of	layers	includes	fly	ash	layer	and	cover	layer	are	filled	into	three	layers,	 the	 bottom	 of	 column	 filled	with	 small	 gravel,	 sand	 and,	mesh.	 The	 top	 of	column	was	closed	with	PVC-cover.	Size	and	Volume	were	calculated	below;				 Column		 Diameter	 	 	 =	10	cm		 HW	 	 	 	 =	105	cm		 HL	 	 	 	 =	110	cm	Area	 	 	 	 =	pr2		 	=	p	x	(100/2)2	 	=	78.5	cm2		 Volume	 	 	 =	pr2h		 	 	 	 	 =	p	x	(100/2)2x105		 	 	 	 	 =	8,242.5	cm3		 Average	rain	fall	 	 =	1.718	cm/year		 Average	flow	rate	(Q)	 =	78.5	x	1.718		 	 	 	 	 =	134.863	cm3/year		 	 	 	 	
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Figure	4.1	Schematic	of	experimental	column	
	
4.3.2	Experimental	method	
	
	 The	 experiment	 was	 conducted	 in	 controlled	 room	 (20°C±3).	 The	 leachate	generation	 had	 followed	 the	 rainfall	 pattern.	 Input	 water	 was	 prepared	 by	dechlorinating	 tap	water.	 The	 prepared	water	was	 subjected	 to	 each	 column.	 The	Input-water	 volume	 was	 decided	 by	 Data	from	 weather	 station:	 Tokyo,	Japan	(0.0	Km),	average	rain	 fall	 in	 Japan	(see	Figure	4.2)	and	average	rainy	days	(see	Figure	4.3).	 These	 two	 data	were	 used	 to	 decide	water	 input	 volume	 in	 each	 layer.	 First	layer,	prepared	water	applied	3300	ml	(from	January	to	April,	see	Figure	4.2)	by	4	times	in	27	days	then	second	layer	was	subjected	to	column	5970	ml	(from	May	to	August,	see	Figure	4.2)	of	prepared	water	inputted	by	4	times	in	28	days	after	that	last	 layer	was	subjected	4790	ml	(from	September	to	December,	see	Figure	4.2)	of	
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prepared	 water	 inputted	 by	 4	 times	 in	 28	 days.	 Then	 every	 7	 days	 500	 ml	 of	prepared	water	inputted	to	column.		 Sampling	water	was	collected	every	7	days,	with	two	times	rinse	 in	a	bottle	sampler	 before	 collecting	 water	 sample.	 The	 pH	 value	 and	 temperature	 were	measured	 for	 water	 samples.	 Then	 the	 ion	 concentration	 samples	 waters	 were	preserved	and	analyzed.				
		
Figure	4.2	Average	precipitation		
		
Figure	4.3	Average	rainy	days				
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4.3.3	Results	and	discussion	
	
	 To	evaluate	the	characteristics,	change	in	each	waste	dumping	layer	and	ions	adsorption	 capacity	 of	 sand,	 sand-PAC	mixed	 and,	 sand-HB	mixed.,	 three	 columns	were	subjected	to	this	experiment.	Sand	and	sand-PAC	mixed	columns	were	used	to	compare	efficiency	of	ion	adsorption	with	sand-HB.	The	pH	changing	was	shown	in	Figure	4.4.	The	pH of	leachates	was	in	the	range	of	6.5	to	10.9	and	it	was	found	that	pH	 value	 changing	 during	 adsorption	 process	 was	 occurred.	 In	 addition,	 sand-HB	shows	oscillation	of	pH	due	to	ion-exchange	between	both	the	HB	and	ion.		
	
Figure	4.4	The	pH	value	changing	Figure	 4.5	 shows	 fluorine	 (F-)	 adsorption	 capacity.	 sand-PAC	 and	 sand-HB	show	 similar	 trend	 on	 graph.	 After	 72	 days,	 end	 of	 dumping	waste	 layer,	 fluorine	concentrations	adsorbed	by	sand,	sand-HB,	and	sand-PAC	the	result	shows	that	after	22	days	pass	the	fluorine	concentrations	was	under	discharge	regulation	0.8	mg	L-1.	Moreover,	 after	 100	 days	 passed,	 the	 end	 of	 dumping	 waste	 layer,	 fluorine	concentrations	 subjected	by	 sand	and	adsorbent-sand	mixed	 slightly	decreased	by	time.	 Figure	 4.6	 shows	 boron	 removal	 in	 leachate.	When	 pH	 is	 adjusted	 to	 7	 to	 8	boric	oxide	(B(OH)3)	 is	 formed.	The	graph	shows	the	concentration	of	boron	anion	specie	 slightly	 decrease.	 However,	 comparison	 between	 three	 materials	 sand-HB	shows	a	good	effect	to	boron	anion	specie	more	than	sand-PAC	because	of	NLDH	site	of	 the	 HB	 can	 adsorb	 anion	 better	 than	 adsorbing	 in	 pore	 size	 of	 PAC.	 Chlorine	
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removal	 in	 landfill	 leachate	 shown	 in	 Figure	 4.7	 shows	 the	 sand-HB	mixed	 graph	with	 different	 result	 because	 ion	 exchange	 occurs	 when	 NLDH	 tends	 to	 catch	 or	exchange	ions	so	both	Na+	and	Cl-	are	released	into	leachate.		 			
		
Figure	4.5	Fluorine	removal	in	landfill	leachate	
	
	
	
Figure	4.6	Boron	removal	in	landfill	leachate	
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Figure	4.7	Chlorine	removal	in	landfill	leachate	
	
		
Figure	4.8	Sulfate	removal	in	landfill	leachate				
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Figure	4.9	Nitrate	removal	in	landfill	leachate		
		
Figure	4.10	Nitrite	removal	in	landfill	leachate	
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Figure	4.8,	shows	Sulfate	(SO42-)	adsorption	capacity.	Comparison	with	three	materials	 of	 temporary	 cover	 sand-HB	 perform	 a	 good	 efficiency	 to	 control	 and	adsorb	sulfate	even	new	waste	 layer	was	 filled	 into	column.	sulfate	concentrations	gradually	 adsorbed.	 In	 case	 of	 sand-PAC	 and	 sand	 that	 filling	 new	 layer	 effect	 to	adsorption	ability	the	concentration	was	increased.		Figures	4.9	and	4.10	show	nitrate	(NO3-)	and	nitrite	(NO2-)	removal	these	are	usually	 occurred	 and	 related,	 frequently	 found	 in	 effluent	 of	 sand-PAC	mixed	 and	sand-HB	mixed	columns,	concentrations	of	nitrate	and	nitrite	are	 inversely	related	when	 the	 concentrations	 of	 nitrate	 were	 increased	 the	 nitrite	 concentrations	was	decreased.	These	phenomena	confirmed	by	relationship	between	nitrate	and	nitrite	shown	 by	 graphs	 when	 nitrate	 created	 nitrite	 concentration	 decreased	 by	 charge	changing.	However,	both	nitrate	and	nitrite	are	controlled	by	sand-PAC	and	sand-HB	at	least	lower	than	effluent	standard	noted.		 Bromine	 is	 the	 only	 nonmetallic	 element	 that	 is	 liquid	 at	 ordinary	temperatures.	Bromine	 is	 less	 reactive	 than	chlorine	or	 fluorine	but	more	 reactive	than	 iodine.	 It	 forms	 compounds	with	many	 elements	 and,	 like	 chlorine,	 acts	 as	 a	bleaching	 agent.	 Bromine	 removal	 is	 shown	 in	 Figure	 4.11.	 Bromine	 anion	 specie	was	 adsorbed	 by	 sand-PAC	 and	 sand-HB.	 Figure	 4.12	 shows	 phosphorus	 removal.	Phosphorus	is	one	of	the	key	elements	 necessary	 for	 growth	 of	 plants	 and	animals	and	 is	 a	 backbone	 of	 the	 Kerb’s	 cycle.	 Phosphorous	transported	 from	 agricultural	lands	to	surface	water	can	promote	eutrophication,	which	is	one	of	the	leading	water	quality	issues	in	lakes	and	reservoirs.	Comparing	with	three	adsorbent	phosphorus	concentrations	was	accumulated	by	time,	however	HB	performed	a	higher	efficiency	to	control	and	adsorb	phosphorus	higher	than	sand	and	sand-PAC.		 	Figure	4.13	 shows	 chromium	adsorption	 capacity	under	pH	 range	of	7	 to	8	chromates	 (CrO42-)	 the	 result	 shows	 that	HB	 and	PAC	were	 efficient	 on	 adsorbing	chromium	unlike	sand,	and	that	the	concentrations	of	chromium	were	not	changed	by	time.	Moreover,	after	closing	to	the	last	stage	of	experimental	column,	chromium	was	 removed	 less	 than	 0.05	 mg	 L-1.	 Two	 forms	 are	 common	 in	 natural	 waters:	arsenite	 (AsO33-)	 and	 arsenate	 (AsO43-),	 referred	 to	 as	 arsenic(III)	 and	 arsenic(V).	Pentavalent	(+5)	or	arsenate	species	are	AsO43-,	HAsO42-,	HAsO4-	while	trivalent	(+3)	arsenites	 include	 As(OH)3,	 As(OH)4-,	 AsO2OH2-,	 and	 AsO33-(Mohan	 et	 al.,	 2007).	
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Discussing	about	arsenic	removal,	the	result	was	shown	in	Figure	4.14.	When	pH	is	adjusted	to	7to	8	arsenate	(HAsO42-)	is	formed.	Sand-HB	shows	an	ability	to	adsorbs	unlike	 sand,	 which	 indicated	 that	 arsenic	 ion	 was	 not	 adsorbed	 by	 sand.					
		
Figure	4.11	Bromine	removal	in	landfill	leachate	
	
	
		 		
Figure	4.12	Phosphorus	removal	in	landfill	leachate	
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Figure	4.13	Chromium	removal	in	landfill	leachate	
	
	
			
Figure	4.14	Arsenic	removal	in	landfill	leachate		
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Figure	4.15	Selenium	removal	in	landfill	leachate	
	
	
	
	
		
Figure	4.16	Cadmium	removal	in	landfill	leachate	
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Figure	4.17	Mercury	removal	in	landfill	leachate	
	
	
	
	
		
Figure	4.18	Lead	removal	in	landfill	leachate	
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Figure	4.15	shows	selenium	adsorption	capacity.	The	effective	adsorbent	 to	adsorb	selenium	is	sand-HB,	which	selenium	concentrations	decrease	by	time	even	in	 column	 filling,	 and	using	sand-PAC	and	sand-HB	 the	concentrations	of	 selenium	does	not	 change	over	 time.	Cadmium	adsorption	 capacity	 is	 shown	 in	Figure	4.16.	Cadmium	 is	 one	 of	 the	 concern	 heavy	 metals.	 Cadmium	 removal	 by	 sand-HB	 is	shown	to	lowest	concentrations	compared	with	pure	sand	and	sand-PAC.						 Generally,	 in	 landfill	 leachate,	mercury	 concentration	 is	 lower	 than	 effluent	standard.	 Although	 the	 concentration	 is	 under	 regulation	 but	 mercury	 is	 a	 well-known	 toxic	 element.	 Therefore,	 it	 should	 be	 eliminated	 and	 limited	 before	discharge.	Mercury	 removal	 in	 landfill	 leachate	was	 shown	 in	Figure	4.17	after	72	days	mercury	was	completely	removed	by	adsorption	and	precipitation.	Moreover,	the	 results	 show	 the	 same	 concentrations	 were	 obtained	 among	 of	 all	 three	materials.	Furthermore,	 the	concentrations	of	mercury	decreased	 to	constant	after	20	days.		Figure	 4.18	 shows	 lead	 removal	 in	 landfill	 leachate,	 lead	 concentrations	 in	landfill	 leachate	 is	 lower	 due	 to	 composition	 of	 waste	 and	 incineration	 method	reducing	 lead	 amount.	 Following	 to	 this	 graph	 sand-HB	 shows	 good	 effects	 to	remove	lead	concentrations,	 lead	concentrations	slightly	decrease	by	20	days,	then	80	days	lead	concentrations	was	increased	again,	unlike	sand,	which	has	no	ability	of	the	ion-exchange.			
4.4	Summary	
		 Since	 sand	 is	 widely	 use	 in	 conventional	 temporary	 cover	 material,	 high	hydraulic	conductivity	value	and	have	significant	biological	process	inside	dumping	waste,	air	can	pass	through	waste	layer.	However,	sand	as	temporary	cover	material	does	 not	 have	 significant	 adsorption	 capability.	 The	HB	 adsorbent	 amended	 sand-temporary	 cover	 layer	 was	 introduced.	 As	 reviewed	 in	 Chapter	 3,	 the	 HB	 has	 a	significant	 to	 adsorb	 ions	 in	 various	 kind	 of	 compound.	 To	 introduce	 a	 new	alternative	material,	use	for	temporary	cover	layer,	sand-HB	mixed.	Moreover,	sand-PAC	mixed	and	pure	sand	were	subjected	to	compare	a	possibility	on	using	the	HB	amended	sand	for	temporary	cover.	Besides	the	temporary	cover	materials	used	in	
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this	 experiment,	 precipitation	 amount	 is	 one	 controlled	 factor	 because	 of	precipitation	(rain,	snow,	hail)	is	one	of	the	key	components	of	the	hydrological	cycle.	Geographical	difference	causes	different	in	condition	of	waste	disposal	landfill	site.		The	 study	 revealed	 that	 there	 are	 significant	 ions	 concentrations	 changes	during	 dumping	 waste	 in	 each	 new	 dumping	 cell.	 Heavy	 metals	 appear	 in	 the	leachate	varies	and	depends	on	originate	of	waste	dumping.	Concentrations	of	heavy	metals	 in	 a	 landfill	 is	 generally	 higher	 at	 earlier	 stages	 because	 higher	 metal	solubility	at	low	pH	caused	production	of	organic	acids.	The	ions	adsorption	capacity	basically	 divided	 into	 two	 groups,	 anionic	 and	 cationic.	 According	 to	 the	experimental	 results,	 it	 concludes	 that	 during	dumping	waste	 cells	 and	 after	 close	cells	most	 of	 heavy	metals	 and	 toxic	 substances	were	 kept	 in	 constant.	Moreover,	following	 to	 the	experimental	 results,	 ions	were	successfully	adsorbed	by	PAC	and	HB.	 Despite	 using	 sand	 as	middle	 cover	 layer,	 some	 precipitated	 ions	may	 settle-down	 between	 sand	 particles.	 Beside	 these	 results	 soluble	 trace	 element	accumulated	at	the	end	of	path	way	and	cause	cogging	to	the	collecting	pipe	in	the	future.	 Therefore,	 adsorbent	 was	 used	 and	 evaluated	 through	 the	 experimental	results.	The	PAC	affects	to	ions	adsorption.	However,	 increasing	ions	concentration	amounts	effect	to	the	adsorption	capacity.	Against	to	PAC,	HB	is	effective	to	retain	an	adsorption	ability	and	adding	new	ions	concentration	amount	shows	more	effective	to	the	adsorption	ability.				
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CHAPTER	5	
	
LEACHATE	TREATMENT	BY	APPLYING	THE	HYBRID	ADSORBENT	
TO	ADSORPTION	PROCESS	AND	LEACHATE	COLLECTION	PIPE	
	
	
5.1	Introduction	
	
	 Chemical	 treatment	 does	 efficiently	 reduce	 the	 concentration	 of	 soluble	metals:	 activated	 carbon	 is	 introduced	 to	 conventional	 leachate	 treatment	 as	 an	adsorbent	to	heavy	metal	and	hazardous	substance	removal.	However,	the	high	cost	in	 use	 and	 regeneration	 of	 commercial	 activated	 carbon	 (CAC)	 in	 adsorption	have	led	 researchers	 to	 search	 for	more	 economic	 and	 alternative	 effective	 adsorbents.			 The	 adsorption	 process	 widely	 use	 to	 remove	 toxic	 substance	 (pre-treatment)	 before	 subject	 to	 biological	 process.	 As	 mentioned	 in	 Chapter	 3,	characteristic	 of	 the	 new	 hybrid	 adsorbent,	 it	 is	 possible	 to	 apply	 to	 leachate	treatment.	Therefore,	in	this	chapter	the	adsorption	capacity	conducted	by	fixed-bed	method	was	 evaluated.	 A	 lab-scale	 experimental	 equipment	was	 setup	 and	 tested	under	 two	conditions,	using	one	column	series	and	 two	continuous	 column	series.	The	results	were	presented	by	residual	ions	concentrations	graphs	in	comparing	one	with	two	column	series.	Results	from	this	experiment	is	used	to	estimate	hydraulic	retention	time	(HRT)	and	used	to	calculate	in	practical	use.			
5.2	Adsorption	process	 	
	
	 Among	 all	 the	 proposed	 sorbent	 materials,	 activated	 carbon	 is	 the	 most	popular	and	is	an	ideal	choice	due	to	its	excellent	adsorption	ability	for	the	removal	of	 a	 large	 variety	 of	 pollutants	 from	 landfill	 leachate.	 However,	 activated	 carbon	proves	 disadvantageous	 for	 large	 quantities	 without	 sustainable	 high	 pollutant	
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removal	 efficiencies.	 Further,	 the	 effective	 of	 carbon	 adsorption	 on	 the	 removal	efficiency	 of	 pollutant	 in	 young	 leachate	 containing	 high	 volatile	 fatty	 acid	 is	dependent	 on	 the	magnitude	 and	 proportion	 of	 the	 high	 to	 low	molecular	weight	free	volatile	acid	fractions	in	the	leachate.	The	adsorption	has	several	advantages;	it	does	 not	 require	 precipitation	 and	 sedimentation	 steps;	 the	 activated	 carbon	 in	granulated	form	could	be	further	reused	after	thermal	regeneration.	The	advantage	of	 this	 process	 is	 the	 avoidance	 of	 the	 flocculation	 precipitation	 step	 in	 order	 to	remove	the	PAC,	which	in	general	also	results	in	an	increase	in	the	salt	content.	It	is	use	 to	 reduce	 the	 concentration	 of	 hydrophobic	 substances	 which	 are	 difficult	 to	remove	by	other	methods.	Despite	commercially	available	activated	carbon,	various	adsorbents	were	 informed	 by	many	 researchers	 due	 to	 economic	 concern.	 In	 this	study,	 the	 hybrid	 adsorbent	 was	 subjected	 to	 adsorption	 process.	 The	 chemical	reaction	 between	 ions	 and	 adsorbate	 might	 occur	 by	 physical	 adsorption	 and	chemical	adsorption.	Physical	adsorption	primarily	and	reversibly	occurred	due	 to	van	der	Waals	 forces.	When	molecular	 forces	of	attraction	between	 the	solute	and	the	adsorbent	are	greater	than	those	between	the	solute	and	the	solvent,	the	solute	will	be	adsorbed	onto	the	adsorbent	surface.	The	pore	surface	area	greatly	exceeds	the	 surface	 area	 of	 the	 particles,	 and	 most	 of	 the	 adsorption	 occurs	 on	 the	 pore	surfaces.	 In	chemical	adsorption,	a	chemical	reaction	occurs	between	the	solid	and	the	adsorbed	solute.		 The	interaction	between	heavy	metal	ion	and	the	HB	can	be	given	by				 	 														mXn+(s)		+		2Mm+(z)		®			mXn+(z)		+	2Mm+(s)		Where	m	is	the	valence	of	exchangeable	cations	M	(Na,	K,	Ca	and	Mg),	Xn+	 is	heavy	metal	 (Cr2+,	 Cu2+,	 Pb2+,	 etc.),	 and	 subscript	 (s)	 and	 (Z)	 denote	 solution	 and	 zeolite	phase,	respectively.		
5.2.1	Characterization	of	raw	leachate	
	
	 Heavy	 metals	 in	 the	 landfill	 leachate	 cannot	 be	 decomposed	 by	 the	microorganisms	 in	 the	 soil	 layer.	 However,	 these	 metals	 can	 be	 concentrated	 by	organisms	 and	 have	 strong	 mobility,	 causing	 pollution	 to	 soil	 and	 ground	 water.	
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Completely	removing	heavy	metals	from	soils	is	difficult,	thus	posing	a	serious	threat	to	 human	 health	 (Baun;	 2004	 and	Nowak;	 2012).	 The	 current	 understanding	 of	waste	 behavior	 is	 far	 from	being	 complete.	 For	 engineering	 the	 disposal	 of	waste,	researchers	and	practitioners	have	relied	on	their	knowledge	of	the	behavior	of	soils.	Although	this	has	been	helpful	to	some	extent,	there	is	an	increasing	realization	that	behavior	 of	 waste	 should	 be	 considered	 in	 the	 context	 of	 a	 separate	 discipline	 of	waste	mechanics	(also	referred	to	as	waste	geotechnics).			 Leachate	 used	 in	 this	 experiment	was	 physical	 and	 chemical	 characterized.	The	physical	characteristics	of	leachate	were	found	that	light-yellow	color,	6.7	of	pH.	The	 chemicals	 contained	 in	 leachate	 of	 landfill	 leachate	were	 analyzed	 by	 ICP-MS	and	 ion	 chromatography.	 Table	 5.1,	 landfill	 leachate	 characteristics	 (initial	concentrations)	 and	 effluent	 standard	 in	 Japan	 are	 summarized.	 Large	 amounts	 of	potassium	 (K)	 and	 nitrate	 (NO3-)	 were	 found	 in	 this	 leachate.	 To	 determine	 to	effluent	standard	ions	found	in	leachate	is	over	the	limit	amount	of	effluent	standard	except	arsenic	and	lead	whose	limit	amounts	are	lower	than	effluent	standard	noted.		
5.2.2	Fixed	bed	adsorption	column	study	
	 To	 determine	 removal	 of	 ions	 from	 landfill	 leachate,	 fixed-bed	 continuous	flow	 test	was	 conducted.	 one	 series	 and	 two	 series	 columns	 are	 used	 to	 evaluate	dynamic	 behavior	 of	 ions	 removal	 by	 the	 HB,	 continuous	 flow	 adsorption	experiments	were	 conducted	 in	 a	 fixed	 bed	 polyvinyl	 chloride	 column	of	 700	mm	height	with	30	mm	internal	diameter,	as	shown	in	Figure	5.1.	A	known	quantity	of	the	HB	was	packed	into	the	column	to	yield	the	desired	bed	height	of	the	adsorbent	at	500	mm	(equivalent	to	805.41	grams	of	the	new	hybrid	adsorbent	powder).	The	top	and	bottom	of	the	bed	were	covered	by	a	layer	of	glass	filter	paper	and	fine	sand	in	 order	 to	 avoid	 the	 loss	 of	 adsorbent,	 and	 also	 to	 ensure	 a	 closely	 packed	arrangement.	 A	 variable	 speed	 peristaltic	 pump	 was	 placed	 at	 the	 bottom	 of	 the	vertical	column	to	inject	influent	leachate	water	at	a	fixed	and	controlled	discharge	rate	 upward	 through	 the	 column.	 The	 solution	 was	 pumped	 upward	 to	 avoid	channeling	due	to	gravity.				
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Table	5.1	Landfill	leachate	characteristics	and	Effluent	standard	in	Japan	
	
Ions	 concentration	(mg/L)	 Effluent	standard	(mg/L)	Magnesium	(Mg2+)	 17.8071	 -	Aluminum	(Al3+)	 0.00164	 -	Potassium	(K+)	 780.165	 -	Calcium	(Ca2+)	 79.5490	 -	Chromium	(Cr6-)	 0.45430	 £	0.05	Arsenic	(As3+)	 0.06950	 £	0.01	Selenium	(Se2+)	 0.66193	 £	0.01	Cadmium	(Cd2+)	 0.00415	 £	0.01	Mercury	(Hg2+)	 0.00215	 £	0.0005	Lead	(Pb2+)	 0.00755	 £	0.01	Fluorine	(F-)	 9.40000	 £	0.8	Nitrite	(NO2-)	 12.8460	 £	10	Nitrate	(NO3-)	 219.664	 £	10	Phosphorus	(P)	 1.98190	 -	Boron	(B-)	 10.4820	 £	1	Bromine	(Br-)	 27.3730	 -	Sulfate	(SO42-)	 79.4110	 -		
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Figure	5.1	Schematic	of	fixed-bed	column		The	 experimental	 set-up	of	 the	 fixed-bed	 column	 is	 schematically	 shown	 in	Figure	5.1.	A	 series	of	 experiments	was	 conducted	 to	 study	 the	effect	of	 inlet	 flow	rate	10	mL/min,	and	initial	concentration	(see	table	1)	at	a	solution	pH	of	7.4.	The	experiments	 were	 carried	 out	 at	 room	 temperature	 without	 any	 pH	 adjustment.	Samples	were	 collected	 at	 regular	 time	 intervals.	 Leachate	 collecting	was	 decided	into	two	patterns,	every	hour	(1-series)	and	couple	hours	(2-series).	Sampler	bottle	was	 rinsed	 two	 times	with	 leachate	 sample	 before	 collecting	 and	 the	 effluent	was	
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filtrated	through	0.45	µm-pore	filter	papers	before	being	analyzed	for	soluble	salts	and	trace	metals	by	ion	chromatography	and	ICP-MS.			
5.3	Efficiency	of	the	new	hybrid	adsorbent	with	a	high	concentration	of	heavy	
metals	in	raw	leachate	
	 The	adsorption	process	of	 ions	by	 the	new	hybrid	adsorbent	was	simulated	by	fixed-bed	method	informed	in	term	of	residual	concentrations	by	time	(Ct)	in	each	ion.	 Comparison	 between	 one	 series	 and	 two	 series	 column	 identified	 adsorption	mechanism	between	adsorbate	and	ion.	Figure	5.2	shows	changing	of	pH	value.	The	pH of	leachates	was	in	the	range	of	6.5	to	8.4,	indicating	no	accumulation	of	short-chain	 fatty	 acids.	 Chian	 and	 DeWalle	 (1976)	 reported	 that	 the	 pH	 of	 leachate	increased	with	time	due	to	the	decrease	of	the	concentration	of	the	partially	ionized	free	 volatile	 fatty	 acids.	 In	 the	 methanogenic	 phase,	 the	 increasing	 number	 of	methane	 bacteria	 resulted	 in	 a	 net	 utilization	 of	 intermediate	 products	 (mainly	volatile	fatty	acids).	The	increase	in	pH	values	suggested	that	a	steady	state	has	been	reached	 between	 acid-producing	 processes	 (e.g.,	 cellulose	 and	 lipid	 degradation)	and	acid-consuming	processes	(e.g.,	methane	formation).	Figures	5.3a	and	5.3b	show	soluble	 arsenic	 adsorption	 efficiency	 by	 time.	 The	 breakthrough	 occurred	 at	 72	hours	 (both	 one	 and	 two	 series)	 and	 then	 gradually	 slightly	 increased	 by	 time.	Figures	5.4a	and	5.4b	show	selenium	adsorption	curve,	which	 indicate	that	 the	HB	gradually	 adsorbed	 Selenium	 ion	 (soluble	 form)	 and	 breakthrough	 curve	 clearly	show	 in	Figure	5.4b	when	examined	by	 two	series.	The	result	of	 the	adsorption	of	Cadmium	in	term	of	soluble	ion	is	shown	in	Figures	5.5a	and	5.5b.	The	result	from	one	series	column	is	confirmed	by	two	series	columns,	which	cadmium	is	adsorbed	by	the	new	hybrid	adsorbent.	The	breakthrough	curve	pointed	out	when	adsorbate	was	 operated	 after	 24	 hours.	 Lead	 (Pb)	 is	 concerned	 to	 toxic	 by	 ingestion	 or	inhalation	of	dust	or	fumes	resulting	in	long-term-brain	and	kidney	damaged;	birth	defects.	 Figures	 5.6a	 and	 5.6b	 showed	 adsorption	 behavior	 due	 to	 adsorption	process.	There	are	several	possibilities	that	may	account	for	this	reverse	curve,	first	lead	ion	(M2+)	might	be	exchanged	with	zeolite	in	HB	result	in	changing	pH	from	7.4	to	 about	 8	 which	 probably	 Pb(OH)-	 occurred.	 The	 main	 mechanisms	 which	
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possibility	 to	 reduce	 amount	 of	 lead	 is	 adsorption	 by	 physically	 and	 chemically	adsorption.	Due	to	these	phenomena,	the	adsorption	area	was	expanded.	As	same	as	Mercury	(Hg)	ion	as	shown	in	Figures	5.7a	and	5.7b,	the	experimental	graphs	show	the	 same	 trend	 as	 lead	 adsorption	 by	 HB.	 The	 mercury	 concentrations	 slightly	decrease	by	time	as	clearly	seen	in	Figure	5.6b.	When	anionic	adsorption	by	the	HB	was	 concerned,	 NLDH	 is	 referred	 due	 to	 ability	 to	 adsorb	 anion		that	have	anions	 in	a	nano-sized	 layered	structure.	 In	 this	formula,	M2+	and	M3+	are	divalent	and	trivalent	metal	 ions,	respectively,	and	 	is	the	exchangeable	ion	between	the	layers.	Figures	5.8a	and	5.8b	indicated	chromium	in	form	of	CrO72-.	The	breakthrough	curve	occurred	after	72	hours,	it	is	easily	seen	in	Figure	5.8b.	The	experimental	data	from	one	and	two	series	shows	the	same	result	which	 indicate	 that	NLDH	 layer	 in	HB	 adsorbed	Cr	 efficiently.	 In	 Figures	 5.9a	 and	5.9b,	boron	adsorption	by	the	HB	was	shown.	Following	to	the	result	after	48	hours	Boron	concentrations	became	almost	constant.						
  
	
Figure	5.2	The	pH	value	changing		
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(5.3a)	
	
	
(5.3b)	
	
Figure	5.3a	Arsenic	adsorption	curve	(1-series	column),		
5.3b	Arsenic	adsorption	curve	(2-	series	column)	
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(5.4a)	
	
	
(5.4b)	
	
Figure	5.4a	Selenium	adsorption	curve	(1-series	column),		
5.4b	Selenium	adsorption	curve	(2-	series	column)	
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(5.5a)	
	
(5.5b)	
	
Figure	5.5a	Cadmium	adsorption	curve	(1-series	column),		
5.5b	Cadmium	adsorption	curve	(2-	series	column)	
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(5.6a)	
	
(5.6b)	
Figure	5.6a	Lead	adsorption	curve	(1-series	column),		
5.6b	Lead	adsorption	curve	(2-	series	column)	
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(5.7a)	
	
	
(5.7b)	
Figure	5.7a	Mercury	adsorption	curve	(1-series	column),		
5.7b	Mercury	adsorption	curve	(2-	series	column)		 		 	
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(5.8a)	
	
	
(5.8b)	
	
Figure	5.8a	Chromium	adsorption	curve	(1-series	column),		
5.8b	Chromium	adsorption	curve	(2-	series	column)	
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(5.9a)	
	
	
(5.9b)	
	
Figure	5.9a	Boron	adsorption	curve	(1-series	column),		
5.9b	Boron	adsorption	curve	(2-	series	column)		
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	 Inorganic	 nitrate	 (NO3-)	 and	 nitrite	 (NO2-)	 are	water	 soluble	 (as	 a	 result	 of	their	interaction	with	the	positively	charged	portions	of	polar	water	molecules)	and	commonly	 exist	 as	 salts	 of	 nitric	 acid	 and	 nitrous	 acid,	 respectively.	 Nitrate	 and	nitrite	adsorption	curves	are	shown	in	Figures	5.10a,	5.10b,	5.11a,	and	5.11b.	Nitrate	concentrations	in	both	column	series	have	decreased	over	time.	The	initial	increase	in	 pH	 value	was	 affected	 by	 a	 high	 nitrate	 reduction	 rate	 (Chen	 et	 al.,	 2009).	 The	decreased	nitrate	concentration	caused	carboxylic	acid	accumulation	due	to	the	re-initiation	phase	of	methanogenesis	 (He	et	al.,	2007;	Vigneron	et	al.,	2005).	Despite	the	 shape	 of	 adsorption	 curve,	 nitrate	 concentration	 is	 higher	 than	 nitrite,	 which	usually	occurs	in	normal	environment	when	pH	is	equal	to	7.		 Sulfate	 ion	 is	 one	 of	 a	main	 pollutions	 parameter	 and	 sometime	 react	with	metal	 when	 pH	 becomes	 base,	 sulfate	 reacts	 with	metal	 and	 precipitates.	 Figures	5.12a	 and	 5.12b	 show	 sulphate	 adsorption	 behavior,	 comparing	 between	 1	 series	and	 2	 series	 to	 confirm	 the	 same	phenomena.	 The	 new	hybrid	 adsorbent	 adsorbs	sulphate	ion	and	after	48	hours	the	adsorbate	reached	to	breakthrough	point	in	the	same	way	of	phosphorus	adsorption	in	Figures	5.13a	and	5.13b.	Breakthrough	point	occurs	 at	 48	 hours	 after	 this	 point	 phosphorus	 concentrations	 become	 slightly	constant.	 Fluoride,	 usually	 found	 in	 leachate	 and	 wastewater	 of	 fluoride	 salts,	fluoride	salts	were	converted	to	hydrogen	fluoride	and	metal	salts.	With	strong	acids,	it	 can	 be	 doubly	 protonated	 to	 give	H2F+.	 Oxidation	 of	 fluoride	 gives	 fluorine.	Solutions	of	inorganic	fluorides	in	water	contain	F−	and	HF2-.	Few	inorganic	fluorides	are	 soluble	 in	 water	 without	 undergoing	 significant	 hydrolysis.	 In	 terms	 of	 its	reactivity,	fluoride	differs	significantly	from	chloride	and	other	halides,	and	is	more	strongly	solvated	in	protic-solvents	due	to	its	smaller	radius	to	charge	ratio.	Figures	5.14a	 and	 5.14b	 show	 fluoride	 adsorption	 curve	 by	 the	 HB.	 Following	 to	 the	adsorption	curve,	breakthrough	point	occurs	at	72	hours	then	fluoride	concentration	is	 slightly	 constant.	 In	 case	 of	 bromine	 adsorption	 behavior	 as	 shown	 in	 Figures	5.15a	and	5.15b	it	can	be	seen	easily	that	breakthrough	point	occurs	after	24	hours.			
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(5.10a)	
	
	
(5.10b)	
	
Figure	5.9a	Nitrate	adsorption	curve	(1-series	column),		
5.9b	Nitrate	adsorption	curve	(2-	series	column)	
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(5.11a)	
	
	
(5.11b)	
	
Figure	5.11a	Nitrite	adsorption	curve	(1-series	column),		
5.11b	Nitrite	adsorption	curve	(2-	series	column)	
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(5.12a)	
	
	
(5.12b)	
	
Figure	5.12a	Sulfate	adsorption	curve	(1-series	column),		
5.12b	Sulfate	adsorption	curve	(2-	series	column)	
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(5.13a)	
	
	
(5.13b)	
	
Figure	5.13a	Phosphorus	adsorption	curve	(1-series	column),		
5.13b	Phosphorus	adsorption	curve	(2-	series	column)		
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	(5.14a)	
	
	
(5.14b)	
	
Figure	5.14a	Fluoride	adsorption	curve	(1-series	column),		
5.14b	Fluoride	adsorption	curve	(2-	series	column)	
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(5.15a)	
	
	
(5.15b)	
Figure	5.15a	Bromine	adsorption	curve	(1-series	column),		
5.15b	Bromine	adsorption	curve	(2-	series	column)			
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5.4	Summary	
	 Heavy	 metals	 pose	 impact	 to	 serious	 environmental	 problem	 due	 to	 their	accumulating	nature	in	living	organism,	causing	various	disease	and	disorder	(Motsi	et	al.,	2009).	Heavy	metals	such	as	iron,	aluminium,	arsenic,	cadmium,	copper,	iron,	manganese,	mercury,	nickel,	silver	and	zinc	are	found	in	the	landfill	leachate.	Heavy	metals	are	not	easy	to	remove	and	easy	to	enrich	in	different	ambient	media.	It	has	been	proven	that	heavy	metal	of	leachate	may	lead	to	secondary	pollution.	 	
Results	 of	 the	 fixed	 bed	 column	 adsorption	 studies	 carried	 out	 during	present	research	suggest	that	the	HB	have	high	efficiency	for	adsorptive	removal	of	heavy	metals	from	leachate	solution.	The	data	of	 fixed	bed	adsorption	columns	of	the	HB	 to	 remove	 ions	 from	 leachate	water	was	 received	by	 the	 continuous	 type	laboratory	column	studies.	Finally,	conclusion	of	the	removal	capacities	of	the	new	hybrid	 adsorbent	 to	 heavy	metals	 in	 the	 leachate	were	 in	 the	 order	Hg2+	>	 Pb2+	 >	Cd2+	>	As3+	>	Se2+	and	anions	were	in	order	Cr6-	>	F-	>	B-	>	SO42-	>	Br-	>	NO2-	>	NO3-.	This	 shows	 a	 real	 leachate	 pre-treatment	 system	 used	 in	 landfill	 leachate.	 The	benefits	 of	 these	 systems	 show	 the	 reduction	 of	 leachate	 treatment	 loading	 and	extension	service	life	of	leachate	collection	pipe.	Moreover,	using	the	HB	adsorbent	is	more	practical	and	cost	less	than	conventional	system.	Applying	the	HB	as	filter	in	leachate	collection	pipes	is	reduced	pretreatment	and	provided	less	space. 
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CHAPTER	6		
	COMPACTED	CLAY	LINER	AMENDED	BY	THE	HYBRID	ADSORBENT	
	
		
6.1	Introduction	
		 A	 good	 design	 of	 landfill	 site	 will	 prevent,	 or	 reduce	 as	 far	 as	 possible,	negative	effects	on	the	environment,	as	well	as	the	risk	to	human	health	arising	from	the	 landfilling	 of	waste.	 It	 is	 essential	 that	 the	 designer	 adopt	methods,	 standards	and	operational	systems	based	on	the	best	current	practice,	which	reflect	progress	in	management	 techniques	and	containment	standards.	The	design	process	 should	be	 consistent	 with	 the	 need	 to	 protect	 the	 environment	 and	 human	 health.	 The	fundamental	objective	behind	waste	management	is	sustainability.	The	basic	 concept	of	MSW	management	has	been	extended	 followed	by	 the	development	 of	 the	 society.	 At	 first,	 it	 was	 based	 on	 public	 health,	 then	environmental	protection	was	added,	resource	recovery,	especially	energy	recovery,	were	the	next	stage,	and	now	is	recycle-oriented	society.	It	is	said	that	zero	emission	society	is	the	final	goal	of	MSW.	It	is	not	realistic	to	eliminate	all	the	wastes,	because	some	 of	 dirty	 things	 cannot	 be	 recycled,	 but	 the	 reduction	 of	 waste	 is	 the	 key	 of	present	 MSW	 management	 concept.	 To	 concern	 about	 landfills	 escalated	 after	reports	 of	 a	 leak	 from	 an	 MSW	 landfill,	 and	 environmental	 pollution	 caused	 by	uncontrolled	landfills	of	industrial	solid	waste	under	such	social	pressures.	In	1997,	the	 “standard	 of	 landfill	 disposal”	 was	 extended	 to	 apply	 to	 every	 landfills,	regardless	 of	 size.	 The	 enforced	 technical	 standard	 was	 set	 in	 1998,	 in	 which	 a	double	liner	was	mandated	for	the	bottom	lining	system	instead	of	a	single	liner.	The	“standard	for	terminating	aftercare”	was	established	at	the	same	time,	although	the	criteria	for	the	biological	stability	of	waste	are	still	being	debated.			 Recently	 in	 Japan,	 the	 main	 component	 of	 the	 MSW	 in	 the	 landfill	 sites	 is	incineration	fly	ash.	Miyawaki	et	al.	(2001)	reported	that	heavy	metals	and	salts	such	
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as	 Cd2+	 and	 Pb2+,	 and	 Cl-	 will	 reach	 from	 the	 incineration	 fly	 ash	 due	 to	 the	infiltration	 of	 rainwater	 through	 the	 ashes.	 Once	 these	 leached	 chemicals	 are	transported	 from	 landfills,	 they	 will	 cause	 potential	 contamination	 risk	 on	 the	surrounding	ground	and	groundwater	quality	of	the	underlying	aquifer.	To	prevent	or	reduce	the	risk,	one	approach	is	to	use	soil	barrier	systems	for	landfill	to	control	the	risk	chemical	transport.				
6.2	Characteristics	of	clay	liner	layer;	compacted	clay	liner	
		 The	transporting	from	waste	sites	has	given	rise	to	the	design	of	well	isolated.	And	 emanating	 from	 surface	 water	 impoundments	 is	 a	 great	 importance	 to	engineers	because	 the	pollution	problems	of	 these	 leachates	cause	 in	groundwater	contamination.	 The	 use	 of	 liner	 systems	 is	 common	 in	 preventing	 transport	 of	contaminants	 to	 the	 surrounding	pollution-prone	 environment.	 This	measurement	generally	 involves	 the	 application	 of	 low	 permeability	 natural	 clays	 and	 clay-bentonite	 mixtures.	 Compacted	 natural	 clays	 are	 often	 used	 in	 constructing	hydraulic	barriers	underneath	waste	contaminant	systems.	The	usual	 thickness	 for	such	liners	is	between	at	least	a	few	decimeters	to	greater	than	one	meter.	Typically,	the	hydraulic	conductivity	must	be	less	than	or	equal	to	1	x	10-9	m	s-1	for	soil	liners	and	covers	used	to	accept	hazardous	waste,	industrial,	and	municipal	wastes	(Daniel	and	Benson,	1990).		 In	the	Enforcement	Ordinance	of	the	Waste	Disposal	Law,	it	is	prescribed	that	landfill	 site	 must	 be	 equipped	 with	 a	 lining	 system	 to	 prevent	 surface	 water	 or	groundwater	pollution	caused	by	leachate,	except	for	sites	receiving	only	waste	that	has	been	processed	prior	to	disposal	in	a	manner	not	to	create	highly	contaminated	leachate,	 or	 where	 there	 exist	 natural	 formations	 such	 as	 a	 low	 permeability	 soil	layer	with	a	permeability	of	 less	than	10-7	m	s-1,	or	bedrock	thickness	 is	enough	to	prevent	leachate	migration	underneath	the	site.		 Furthermore,	in	Japan,	bottom	liner	systems	for	controlled	leakage	of	landfill	leachate	and	other	acute	have	been	regulated	under	the	Japanese	Ministry	of	Health	and	Welfare	 (JMHW)	 since	 1998.	However,	 Japanese	 regulations	 for	 bottom	 liners	are	not	as	strict	as	most	European	and	American	regulations	and	are	less	effective	in	
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reducing	 the	 immigration	 of	 contaminants	 (Kamon	 and	 Katsumi,	 2001).	 Du	 and	Hayashi	 (2003)	 reported	 that	 a	 high	 potential	 impact	 of	 contaminants	 on	groundwater	quality	in	the	aquifer	underlying	the	landfill	resulted	when	one	type	of	Japanese	regulated	bottom	liners	was	used.	Japanese	government	prescribed	landfill	bottom	composite	liner	which	consists	of	a	HDPE	geomembrane	liner	underlain	by	a	compacted	 clay	 liner	with	 a	 thickness	 of	 2.0	meters	 and	 hydraulic	 conductivity	 of		10-8	m	s-1.				
6.3	Experimental	methods	
		 The	 experimental	 procedure	 basically	 consists	 of	 two	 parts,	 hydraulic	conductivity	test	and	adsorption	test.	Dry	density	and	water	content	are	indicated	by	standard	compaction	 test.	Clay	sample	was	dried	and	crushed	 to	 fine	particle	pass	through	sieve	size	0.45mm.	Before	subject	to	the	experiment	clay	sample	was	mixed	with	6%	of	adsorbent	(Reference	percentage	as	mentioned	in	chapter	3,	Wei	et	al.,	2014).	Table	6.1	shows	a	record	data	of	standard	compaction	test	(ASTM	698-78)	of	clay-bentonite	 6%	mixtures	 and	 Compaction	 curve	 of	 clay-bentonite	 6%	mixtures	are	shown	in	Figure	6.1.	The	graph	shows	47.5%	of	the	optimum	water	content	with	1.08	 g/cm3	 of	 dry	 density.	 Despite	 Table	 6.2	 listing	 a	 record	 data	 of	 standard	compaction	 test	 (ASTM	 698-78)	 of	 clay-HB	 6%	mixture	 and	 Compaction	 curve	 of	clay-HB	 6%	 mixture	 are	 shown	 in	 Figure	 6.1.	 The	 graph	 showed	 52%	 of	 the	optimum	water	content	with	1.09	g/cm3	of	dry	density.			
Table	6.1	Standard	compaction	test	data	sheet		
of	clay-bentonite	6%	mixture	
	
Test	No.	 		 1	 2	 3	 4	Weight	of	wet	soil	+mould	 (g)	 4869.4	 5084.7	 5182.2	 5116	Weight	of	mould	 (g)	 3574.9	 3574.9	 3574.9	 3574.9	Weight	of	wet	soil,	W	 (g)	 1294.5	 1509.8	 1607.3	 1541.1	
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Wet	density,	g	=	W/V	 (g/cm3)	 1.32	 1.54	 1.64	 1.57	Dry	density,		gd	=	100g/(100+w)	 (g/cm3)	 0.99	 1.08	 1.08	 0.97		 	 	 	 	
Test	No.	 		 1	 2	 3	 4	
Weight	of	wet	soil+container	 (g)	 100.07	 121.093	 125.522	 176.703	Weight	of	dry	soil+container	 (g)	 82.542	 92.726	 92.313	 120.358	Weight	of	water	 (g)	 17.520	 28.367	 33.209	 56.345	Weight	of	container	 (g)	 30.270	 26.400	 28.997	 29.620	Weight	of	dry	soil	 (g)	 52.280	 66.326	 63.316	 90.738	Water	content,	w	 (%)	 33.520	 42.770	 52.450	 62.100		
	
Figure	6.1	Compaction	curve	of	clay-bentonite	6%	mixture		
Table	6.2	Standard	compaction	test	data	sheet	of	clay-HB	6%	mixture		
Test	No.	
	
1	 2	 3	 4	 5	Weight	of	wet	soil	+mould	 (g)	 4806.1	 4915.4	 5040.8	 5156.9	 5056	Weight	of	mould	 (g)	 3575.0	 3575.0	 3575.0	 3575.0	 3575.0	Weight	of	wet	soil,	W	 (g)	 1231.1	 1340.4	 1465.8	 1581.9	 1481.0	
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Wet	density,	g	=	W/V	 (g/cm3)	 1.30	 1.42	 1.55	 1.67	 1.56	Dry	density,		gd	=	100g/(100+w)	 (g/cm3)	 1.03	 1.04	 1.07	 1.08	 0.95		 	 	 	 	 	 	
Test	No.	 		 1	 2	 3	 4	 5	Weight	of	wet	soil+container	 (g)	 67.630	 80.427	 93.808	 104.195	 80.447	Weight	of	dry	soil+container	 (g)	 59.544	 66.985	 73.533	 77.383	 59.271	Weight	of	water	 (g)	 8.090	 13.442	 20.275	 26.812	 21.176	Weight	of	container	 (g)	 29.120	 30.033	 28.65	 28.647	 26.939	Weight	of	dry	soil	 (g)	 30.420	 36.952	 44.883	 48.736	 32.332	Water	content,	w	 (%)	 26.580	 36.380	 45.170	 55.010	 65.500		
	
Figure	6.2	Compaction	curve	of	clay-HB	6%	mixtures			
6.3.1	Hydraulic	conductivity	
		 The	hydraulic	conductivity	(k)	was	measured	with	a	falling	head	permeability	test.	The	water	 table	h	in	 the	 tube	at	 the	 left	 side	of	 the	soil	 sample	varies	 in	 time,		(see	Figure	6.3)	h(t).	The	initial	water	table	is	h0.		V	is	the	volume	of	water	that	leaves	the	tube	during	Δt,	while	the	water	table	drops	from	h0	to	h	(t0+Δt).	Thus:		
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			 					V	=	a	Dh																															 	 												(6.1)	where	Δh	=	h0	–	h(t0+Δt	).	Of	 course,	 the	 same	 volume	 of	 water	 flows	 through	 the	sand	column,	which	is	QΔt.	Thus,	the	flow	of	water	Q	through	the	soil	is	(Q=V/Δt	):	
	 		 	 				Q = # ∆ℎ∆& 	 	 	 	 					 												(6.2)	According	to	Darcy's	law	can	be	written:		 	 	 														' = −)* ℎ+																																																								 												(6.3)	By	combining	equations	(6.1)	and	(6.2)	equation	(6.4)	is	obtained:		 	 	 	 ∆,, = − -./0 ∆&				 	 																			 												(6.4)	Integration	gives:		 	 	 	 ℎ & = ℎ1	exp	 − )*&#+ 	 	 									 												(6.5)	This	equation	can	be	written	as	follows:		 	 	 	 * = −+#)& ln ℎ(&)ℎο 	 	 	 											 												(6.6)		Where;	 A	=	Cross-section	of	soil	sample	a	=	Cross-section	of	tube	L	=	Height	of	soil	sample	V	=	Change	of	volume	between	time	t0	and	time	t	h0	=	Height	of	water	table	at	time	t0		ht	=	Height	of	water	table	at	time	t		
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Figure	6.3	Illustration	of	falling	head	permeability	test	Source:	Coduto	(1999)		Ariake	clay	was	selected	and	subjected	 to	 this	experiment.	Ariake	clay	 is	a	kind	of	very	 high	 sensitive	 clay	 that	 is	 deposited	 around	 the	 coast	 of	 the	 Ariake	 Bay	 in	Kyushu	Island	(Nakamura	et	al.,	1985).	The	clay	near	river	sites	contains	high	sulfide	content	 because	 the	 sulfate	 ion	 occurs	 naturally	 in	 most	 water	 supplies	 and	 is	present	in	wastewater	as	well.	Sulfur	is	required	in	the	synthesis	of	proteins	and	is	released	 in	 their	 degradation.	 Sulfate	 is	 biologically	 reduced	 to	 sulfide	 under	anaerobic	 condition.	 The	 sulfur	 cycle	 in	 soft	 clay	was	 also	 investigated	 by	Michell	(1984).		The	 hydraulic	 conductivity	 test	 (ASTM	 2434-68)	 taken	 by	 applied	 a	 water	head	of	about	1000	mm	was	applied	to	the	top	of	the	specimen	through	the	burette.	The	inlet	valve	was	then	opened	to	start	the	falling	head	flow	test	and	the	water	level	in	the	burette	was	periodically	recorded.	The	test	was	continued	until	the	calculated	value	of	apparent	hydraulic	conductivity	became	stable.				
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Figure	6.4	Falling	head	permeability	curves	of	landfill	liner-soil	materials		Figure	6.4	shows	hydraulic	conductivity	(k)	versus	time	of	clay-6%	bentonite	mixture	and	clay-6%	HB	mixture.	The	result	shows	k	value	is	1.5	x	10-8	m/s	in	case	of	 HB	 and	 2.0	 x	 10-8	m/s	 in	 case	 of	 bentonite.	 The	 result	 concluded	 that	 HB	 and	bentonite	perform	similar	 k-value.	HB	might	be	possible	 to	use	 as	 compacted	 clay	liner.	
6.3.2	Compacted	clay	liner	adsorption	test			 The	 experimental	 test	 equipment	 consists	 of	 column	 test	 tool	 and	 leachate	head	controlled	part.	Schematic	diagram	of	tests	equipment	was	shown	in	Figure	6.5.	Column	test	tool	was	designed	with	150	mm	of	diameter	and	240	mm	of	height	of	VP	pipe	was	made	at	the	bottom	of	column	creates	holes,	2mm	in	diameter,	using	a	drill	to	made	water	pass	through,	the	cover	of	column	including	inlet-hole	and	air	valve.	The		top	of	CCL	were	loaded	with	loading	plate.	A	water	head	of	about	2000	mm	was	applied	 to	 the	 top	 of	 the	 equipment	 using	 leachate	 tank.	 The	 inlet	 valve	was	 then	opened	to	start	 the	test	and	the	water	 level	 in	 the	 leachate	 tank	was	controlled	by	recirculation	system.	Bulk	samples	clays	were	oven-dried	at	105	°C	for	24	hours	and	smashed	 to	 pass	 through	 a	 No.	 4	 sieve.	 Clay	 +6%	 bentonite	 and	 clay+6%	 HB	mixtures	were	 obtained	 by	 adding	 6%	of	 sodium	bentonite	 and	 6%	of	HB	 to	 clay	
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powders	 respectively.	 The	 hydrated	 soils	 were	 then	 allowed	 to	 cure	 in	 airtight	plastic	 bags	 for	 at	 least	 48	 hours	 to	 ensure	 uniform	 moisture	 distribution.	 The	hydrated	soils	were	then	compacted	into	the	test	cells	in	three	layers	to	obtain	95%	their	 maximum	 dry	 densities.	 The	 initial	 concentrations	 of	 chemicals	 in	 leachate	were	listed	in	Table	6.3,	which	contain	high	salinity	and	the	concentrations	of	F,	Br,	NO3-,	SO42-,	P,	and	Br	is	over	the	regulation	standard	for	water	pollution	in	Japan.			
	
Figure	6.5	Schematic	diagram	of	tests	equipment				
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Table	6.3	The	initial	concentrations	of	leachate	
	
					Chemicals	 Initial	concentrations	(mg/L)	Na	 1209.127	Mg	 24.36500	Al	 0.126600	K	 490.6621	Ca	 37.17320	As	 0.002410	Se	 0.018500	Cd	 0.000052	Hg	 0.002750	Pb	 0.000091	Cr	 0.003450	F	 15.01400	Cl	 3610.566	Br	 15.86500	NO3-	 324.3120	SO42-	 18.56400	P	 12.88966	B	 14.55217				
6.4	Interaction	between	dumping	waste	and	feasibility	to	applying	a	hybrid	
adsorbent	in	clay	liner	layer	
	
	 Waste	 placed	 in	 a	 unit	 can	 interact	 with	 compacted	 clay	 liner	 materials,	thereby	influencing	soil	properties	such	as	hydraulic	conductivity	and	permeability.	Two	routes	that	waste	can	influence	the	hydraulic	conductivity	of	the	liner	materials	are	attributed	to	dissolution	of	soil	minerals	and	changes	in	clay	structure.	Different	ions	 can	 replace	with	 each	 other	when	 chemical	 interaction	 occurs.	 However,	 the	route,	in	which	cations	are	exchanged,	is	controlled	by	many	factors.	Within	clay	soil	
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matrix,	 ion	 valence	 is	 one	 of	 these	 factors	 that	 contribute	 to	 ion	 exchange	occurrence.	 Ions	with	 positive	 charge	 and	 higher	 valence	 are	much	 difficult	 to	 be	replaced	than	those	with	lower	valence	(Allen,	2005).	This	behavior	is	attributed	to	the	 stronger	 attraction	 to	 the	 negative	 clay	 surface	 charge.	 Providing	 same	concentrations,	 the	 different	 cations	 would	 exchange	 each	 other	 in	 the	 following	order:		
Na+<	K+	<	Mg2+	<	Ca2+	
However,	 this	 trend	can	be	different	 if	 the	concentrations	of	 the	 ions	are	changed.	Therefore,	 ion	 concentration	 is	 another	 factor	 that	 can	 play	 an	 important	 role	 in	determining	 the	 mechanism	 of	 cation	 exchange	 occurrence	 (Allen,	 2005).Soil	minerals	can	be	dissolved,	or	reduced	to	liquid	form,	as	a	result	of	interaction	with	acids	 and	 bases.	 For	 example,	 aluminum	 and	 iron	 in	 the	 soil	 can	 be	 dissolved	 by	acids,	 and	 silica	 can	 be	 dissolved	 by	 bases.	While	 some	 plugging	 of	 soil	 pores	 by	dissolving	mineral	can	lower	hydraulic	conductivity	in	the	short	term.		The	 adsorption	 capacity	 of	 two	 types	 of	 adsorbent	 amendment	 compacted	clay	 liner	 layer	 was	 investigated	 a	 function	 of	 adsorption	 using	 the	 above	 test	equipment.	The	 ions	adsorption	 capacity	of	 effluent	was	 sampled	and	analyzed	by	ICP-MS	and	 ion	chromatography	as	mentioned	 in	Chapter	3.	To	examine	system	at	equilibrium,	the	following	parameters	were	used:	sorption	capacity	of	the	substrate	(qe)	 and	 removal	 percentage	 (%removal)	 versus	 time	 (hr).	 The	 equation	 was	showed	in	chapter	3,	equations	3.1	and	3.2,	respectively.  	 In	general,	 the	reaction	of	a	clay	 liner	 to	a	specific	contaminant	depends	on	two	 factors;	 the	 ability	 of	 the	 clay	 in	 the	 liner	 to	 resist	 increase	 in	 hydraulic	conductivity	 caused	by	 the	contaminant	and	 the	capacity	of	 the	 liner	 to	 retard	 the	migration	of	contaminants	through	sorption	(Li	and	Li,	2001).	Due	to	the	pH	change	during	the	test	time	is	caused	of	changing	in	ion	concentration.	The	pH	changing	was	shown	 in	Figure	6.6.	Arsenic	 compound	 in	 leachate	under	pH	of	7	 to	8	 is	 found	 in	form	 of	 hydrogen	 arsenate	 (HAsO42-).	 Arsenic	 adsorption	 curve	 in	 Figure	 6.7a	indicated	 that	 arsenic	 ion	 was	 efficiently	 adsorbed	 by	 HB	 more	 than	 bentonite,	which	arsenic	adsorption	by	bentonite	reach	to	optimum	at	315	hours.	As	supported	
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from	removal	percentage	in	Figure	6.7b,	it	can	easily	be	seen	that	arsenic	adsorption	by	bentonite	failed.	Unlike	HB,	arsenic	concentrations	are	controlled	by	the	HB.	Selenium	(Se)	compound	 in	 leachate	under	pH	of	7	 to	8	 is	 found	 in	 form	of	selenate	(SeO42−),	which	is	one	of	the	environmental	primary	inorganic	sources	of	Se.	The	interaction	of	selenium	with	clay	and	adsorbent	may	perform	as	sodium	selenite.	Sodium	 selenite	 is	 the	 inorganic	 compound	 with	 the	 formula	 of	 Na2SeO4	 and	tetrahedron	 structure	 like	 silicate.	 The	 selenium	adsorption	with	both	 the	HB	and	bentonite	was	completely	achieved	as	seen	in	Figures	6.8a	and	6.8b	unlike	cadmium	adsorption	of	bentonite	which	cadmium	 in	 form	of	Cd2+	was	detected	among	after	315	operation	hours.	Cadmium	is	commonly	found	in	a	2+	oxidation	state	in	a	salt,	such	as	cadmium	oxide,	sulfide	or	sulfate	(Bortman	et	al.,	2003).	Cadmium	is	one	of	concerned	toxic	elements	in	landfill	leachate,	which	affects	to	environment	directly	and	is	difficult	to	be	treated	by	microorganism.	Figures	6.9a	and	6.9b	show	that	some	of	cadmium	adsorbed	in	both	clay	structure	and	adsorbent,	in	 this	 case	 HB	 shows	 a	 higher	 efficiency	 to	 adsorb	 and	 control	 cadmium	concentrations.	Besides	toxic	of	cadmium,	lead	is	also	a	significantly	toxic	element	to	concern.	 The	 comparable	 lead	 adsorption	 between	HB	 and	 bentonite	 as	 shown	 in	Figure	6.10a	that	HB	performs	higher	adsorption	ability	than	bentonite	over	a	long	term.	 It	was	supported	by	removal	percentage	graph	that	80	percent	 in	average	of	lead	adsorbed	by	the	HB	was	observed,	while	bentonite	failed	to	adsorb	this	element	(Figure	6.10b).	
	
Figure	6.6	The	pH	changing		
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(6.7a)	
	
	
(6.7b)	
	
Figure	6.7a	The	equilibrium	concentration-time	curves	of	arsenic,		
6.7b	Removal	percentage	of	arsenic	
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(6.8a)		 	
	 	
(6.8b)		
Figure	6.8a	The	equilibrium	concentration-time	curves	of	selenium,		
6.8b	Removal	percentage	of	selenium		
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(6.9a)		
		 	
(6.9b)	
	
Figure	6.9a	The	equilibrium	concentration-time	curves	of	cadmium,		
6.9b	Removal	percentage	of	cadmium		
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(6.10a)		
	
(6.10b)	
	
Figure	6.10a	The	equilibrium	concentration-time	curves	of	lead,	
6.10b	Removal	percentage	of	lead						
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Another	cation	is	mercury	(Hg).	It	formed	into	Hg2+	under	pH	of	7	to	8.	Once	buried,	 inorganic	 mercury	 in	 the	 landfill	 is	 partially	 converted	 by	 bacteria	 living	there	into	a	more	toxic	form,	called	organic	or	methylated	mercury.	Organic	mercury	can	be	 released	 into	 the	atmosphere	 from	 landfills	 in	 the	same	way	 that	 inorganic	mercury	is	released.	Concentration	of	Hg	in	leachates	is	generally	low	and	decreases	with	 decreasing	 pore	 size	 of	 filtration	 indicating	 that	 Hg	 in	 the	 leachates	 is	dominantly	 suspended	 particulate	 Hg,	 most	 likely	 suspended	 cinnabar	 released	during	 leaching.	 The	 result	 in	 Figures	 6.11a	 and	 6.11b	 show	 low	 concentrations	(filtrated)	of	Hg	in	leachate	as	mentioned	above.	Moreover,	a	stable	adsorption	stage	performed	 using	 the	 HB	 indicated	 that	 average	 of	 removal	 was	 found	 to	 be	 80	percentage	and	tended	to	be	constant	for	a	long-term	use.		Chromium	is	presented	in	form	of	chromate	(CrO42-)	when	pH	is	in	range	of	7	to	8,	in	alkaline	solution	the	dichromate(VI)	ion	dissociates	to	chromate(VI)	ion	and	generates	water	as	shown	in	chemical	equation;		 Cr=O?=@ + 2NaOH(FG) ⇌ 2CrOI=@ + 2NaJ +	H=O		The	reaction	is	an	equilibrium	process	and	can	be	followed	by	the	color	change	from	orange	 (dichromate)	 to	 yellow	 (chromate).	 Figure	 6.12a	 indicates	 chromium	adsorption.	 The	 interaction	 between	 chromium	 anion	 and	 HB-clay	 liner	 is	performed	as	an	adsorption	between	chromium	ion	and	NLDH	layer	 inside	 the	HB	adsorbent.	Unlike	 interaction	between	chromium	and	bentonite-clay,	exchangeable	charge	on	the	surface	of	both	bentonite	and	clay	does	not	able	to	adsorb	chromium	anion.	 This	 statement	 is	 supported	 by	 removal	 percentage	 graph	 shown	 in	 Figure	6.12b.		 					 	
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(6.11a)	
	
		
(6.11b)	
	
Figure	6.11a	The	equilibrium	concentration-time	curves	of	mercury,	
	6.11b	Removal	percentage	of	mercury	
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(6.12a)		
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Figure	6.12a	The	equilibrium	concentration-time	curves	of	chromium,	
6.12b	Removal	percentage	of	chromium	
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The	 fluoride	 is	 usually	 considered	 as	 the	 main	 ion	 causing	 environmental	deterioration	of	groundwater	(Edzwald	et	al.,	1976;	Brett	et	al.,	2005;	Reardon	and	Wang,	 2000).	 The	 fluoride	 concentration	 in	 the	 time	 interval	 was	 investigated	 as	shown	in	Figures	6.13a	and	6.13b.	The	results	 indicated	that	using	the	HB	fluoride	concentrations	 by	 time	 interval	 and	 removal	 decreased	 percentage	 of	 fluoride	shown	 in	 Figure	 6.13b.	 It	 shows	 that	 of	 90	 percentage	 of	 fluoride	 concentrations	removed	 by	 the	HB.	 In	 parallel	 bentonite	 presents	 the	 same	 adsorption	 among	 of	fluoride.	 The	 mineralogy	 of	 fluoride	 concern	 to	 these	 phenomena,	 in	 the	 case	 of	fluoride	 the	 retention	 is	 based	 on	 the	 exchange	 of	 OH-	 by	 F	 favored	 at	 acidic	condition	and	H+	favored	at	base	condition,	generally	Aluminum	is	containing	in	clay	components	 (Kau	 et	 al.,	 1997).	 The	 mechanism	 of	 chemical	 reaction	 under	 these	both	conditions	are	considered	as;	= S − OH + F@ 	⇌	= S − F +	OH@		with	S	represents	the	element	at	the	surface	of	clay	mineral.		Fluoride	ion	can	act	as	a	base.	It	can	be	combined	with	a	proton	(H+):	F−	+	H+	⇌	HF	This	 neutralization	 reaction	 forms	 hydrogen	 fluoride	 (HF),	 the	 conjugate	 acid	 of	fluoride	 ion.	 Fluoride	 ion	has	 a	pKb	 value	of	 10.8.	 It	 is	 therefore	 a	weak	base,	 and	tends	 to	 exist	 as	 the	 fluoride	 ion	 rather	 than	 generating	 a	 substantial	 amount	 of	hydrofluoric	 acid.	 That	 is,	 the	 following	 equilibrium	 favors	 the	 left-hand	 side	 in	water:	 F@ + H=O	 ⇌ HF + OH@		 	
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(6.13a)		
	
(6.13b)	
	
Figure	6.13a	The	equilibrium	concentration-time	curves	of	fluoride,	
6.13b	Removal	percentage	of	fluoride							
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	 Nitrate	 adsorption	 is	 shown	 in	 Figures	 6.14a	 and	 6.14b.	 The	 initial	concentration	is	higher	than	regulation	standard	for	effluent	standard	noted	in	Table	6.3.	Therefore,	the	HB	and	bentonite	clay	mixture	performed	an	efficiency	to	adsorb	almost	 98	 percentage	 of	 nitrate	 present.	 Unlike	 nitrate	 adsorptions,	 sulfate	adsorption	failed	to	adsorb	with	both	HB	and	bentonite	clay	mixture	(Figure	6.15b).	The	 failure	 is	probably	 caused	by	 sulfate	was	 released	 from	pore	water	 inside	 the	clay	as	reported	by	Nakamura	et	al.	(1985),	Ariake	clay	contains	high	sulfide	content	usually	found	in	pore	water	inside	clay	structure.	The	sulfate	ion	occurs	naturally	in	most	water	supplies	and	is	present	 in	wastewater	as	well.	Sulfur	 is	required	in	the	synthesis	 of	 proteins	 and	 is	 released	 in	 their	 degradation.	 Sulfate	 is	 biologically	reduced	to	sulfide	under	anaerobic	condition.	The	increased	value	of	sulfide	content	is	 explained	 by	 Du	 et	 al.	 (2008),	 usually	 oxidation	 condition	was	 observed	 in	 the	shallow	 depth	 up	 to	 5	 cm	 of	 the	 Ariake	 mud	 (Hayashi	 et	 al.,	 2003).	 Under	 this	condition,	with	the	aid	of	the	sulfur	bacteria,	H2S	is	oxidized	to	SO42-,	as	expressed	by	
	also	under	the	reduction	condition,	the	sulfate	(SO42-	)	in	the	pore	water	of	the	mud	is	reduced	to	hydrogen	sulfide	(H2S)	by	the	organic	matter	deposition	with	the	aid	of	sulfate-reducing	bacteria.	The	result	in	Figure	6.15a	shows	the	opposite	curves,	that	is	HB	 clay	mixture	 shows	an	 increasing	 line	while	bentonite	 clay	mixture	 shows	a	decreasing	 line.	This	result	may	 inform	a	possible	 to	adsorb	sulfate	concentrations	after	 the	 long	 period	 by	 using	HB	 adsorbent.	 And	 it	was	 suggested	 that	 bentonite	does	not	adsorb	sulfate	for	the	long	period.	Therefore,	to	avoid	these	phenomena	the	selected	clay	from	another	place	is	recommended	to	use.		 Phosphate	 anion	 present	 the	 dominate	 fraction	 in	 solution	 exists	 as	 the	negative	monovalent	 H2PO42-.	 Figures	 6.16a	 and	 6.16b	 are	 the	 concentration-time	curves	 of	 phosphorus	 and	 removal	 percentage	 of	 phosphorus,	 respectively.	 The	result	indicated	that	both	HB	and	bentonite	clay	mixture	adsorb	phosphate	resulting	by	 98	 and	 88	 percent	 of	 adsorption	 on	 the	 HB	 and	 bentonite	 clay	 mixture,	respectively.		
reduction condition, the sulfate (SO4
2–) in the pore water of
the mud is reduced to hydrogen sulfide (H2S) by the
organic matter deposition with the aid of sulfate-reducing
bacteria (Jorgenson 1991; Mitchell 1993). Simultaneously
the H2S reacts with soluble ferrous iron (Fe
2+), which is
usually observed in the Ariake marine muds (Ohtsubo et al.
1995) and forms black amorphous FeS. The reduction
process of SO4
2– to H2S and formation of FeS can be
expressed by following equations.
SO2!4 þ CH3COO! þ Hþ ! H2Sþ CO2 þ H2O ð3Þ
H2Sþ Fe2þ ! FeS ð4Þ
in which CH3COO
– symbolizes the organic matter. Usually
oxidation condition was observed in the shallow depth up
to 5 cm of the Ariake mud (Hayashi et al. 2003). Under this
condition, with the aid of the sulfur bacteria, H2S is
oxidized to SO4
2–, as expressed in Eq. (5):
H2Sþ H2O! SO2!4 þ Hþ ð5Þ
Jorgenson (1991) and Mitchell (1993) indicated that
af rementioned geochemistry reac ion is typically occurred
in marine sediments showing the cycle of sulfur (S) in the
marine sediments. However, during the sea laver treatment
practice undertaken in the Ariake Sea, the reaction equi-
librium of Eqs. (3) and (4) might have been broken which
lead to significant occurrence of H2S in the tidal mud of
Ariake Sea. Since the phosphorous (P) contained in the sea
laver treatment agent (in the form of inorganic chemical
compound, NaH2PO4) provides source of feed to the sul-
fate-reducing bacteria, the activity of the sulfate-reducing
bacteria would become higher under relatively high tem-
perature ([18!C) and reduction condition (McGhee 1991).
Therefore, the decomposition of organic matter initially
contained in the mud and the additional organic matter like
DL-Malic acid from the sea laver treatment agent would be
enhanc d. Consequently, acc rding to Eqs. (1) and (2),
considerable amount of H2S and FeS would form. As a
result, the sulfide content of the mud increased. The
occurrence of black FeS was observed in the B0.1 test that a
blackish matter (identified as FeS) appeared in the water
above the mud after 10 days of test. At the end of test, a
thin layer of blackish fine mass (identified as FeS) was
observed on the surface of the mud.
The decrease in pH and increase in sulfide content as a
result of the sea laver acid treatment practice seems to have
also occurred in the Iida tidal flat areas where the non-
officially recorded local acid treatment practice before
1993 and the large scaled acid treatment practice after 1993
have been encountered. Such a result is reasonable for
explaining the phenomenon that the catch of the clamp
shells living in the shallow depths of the mud decreased
during the period of the sea laver treatment practice, as
depicted in Fig. 1.
Type-2 test
Figure 13 shows the change of sulfide content along the
soil depth before and after the fresh seawater infiltration
test. Compared with the original value, after infiltration of
fresh seawater, sulfide content decreased, indicating that
the infiltration of fresh seawater had a remediation effect
on the sea laver treatment acid contaminated Iida site tidal
mud. The decrease in sulfide content became significant
with the increase in testing time. This is mainly because
that with the increase in test duration, larger amount of
oxygen (O2) dissolved in the seawater might have been
consumed by the mud, which lead to the oxidation of H2S
as expressed by Eq. (5). As a result, sulfide content
decreased with the increase in time duration. Compared
with the case of the hydraulic gradient i = 1 (see Fig. 13a),
the case of the hydraulic gradient i = 5 (see Fig. 13b)
resulted in a better remediation efficiency in terms of
decrease in the sulfide content in the soil at the same testing
duration. The reason that the sulfide content is still higher
than the safe limit, 0.2 mg/g is mainly due to the limited
s ort test duration.
The change in pH value along the soil depth before and
after the test was shown in Fig. 14. Compared with the
original value, pH of soil increased after test. It increased
with the increase in testing duration. After 30 days, pH
value exceeds 7.8, which is in the acceptable range for
benthos living in the tidal mud (pH = 7.8–8.4). However, it
was found that the effect of hydraulic gradient on change in
pH was not considerable.
To evaluate the remediation efficiency, the percentage
of sulfide content reduction, A%, is used in this study as
expressed by following:
A% ¼ SC0 ! SCðtÞ
SC0
& 100 ð6Þ
in which SC0 = the original sulfide content and SC(t) = the
sulfide content at specified time. A high value of A%
represents that sulfide content at specified time is low,
indicating that the remediation efficiency is high. A nega-
tive value of A% means that after the infiltration of sea
water, sulfide content became higher than the original
value.
The variations of A% along the mud depth for both the
hydraulic gradient i = 1 and the hydraulic gradient i = 5
are shown in Fig. 15. For both cases (i = 1 and i = 5), at
the shallow depth, soils have higher A% value than the
deep depth, indicating that the remediation effect at the
Environ Geol (2008) 55:889–900 897
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(6.14a)	
	
	
(6.14b)	
	
Figure	6.14a	The	equilibrium	concentration-time	curves	of	nitrate,	
6.14b	Removal	percentage	of	nitrate	
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(6.15a)	
	
	
(6.15b)	
	
Figure	6.15a	The	equilibrium	concentration-time	curves	of	sulfate,	
6.15b	Removal	percentage	of	sulfate				
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(6.16a)	
	
	
	
(6.16b)	
	
Figure	6.16a	The	equilibrium	concentration-time	curves	of	phosphorus,	
6.16b	Removal	percentage	of	phosphorus					
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(6.17a)	
	
	
	
(6.17b)	
	
Figure	6.17a	The	concentration-time	curves	of	boron,	
6.17b	Removal	percentage	of	boron		
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(6.18a)	
	
	
	
(6.18b)	
	
Figure	6.18a	The	equilibrium	concentration-time	curves	of	bromine,	
6.18b	Removal	percentage	of	bromine							
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Boron	 anion	 is	 present	 in	 form	 of	 B-	 under	 pH	 in	 range	 of	 7	 to	 8.	 Boron	adsorption	 is	 highly	 influenced	 by	 pH,	 increasing	 as	 the	 pH	 increases,	 attaining	 a	maximum	 in	 the	alkaline	 range	and	diminishing	abruptly	at	higher	pH	 (Keren	and	Gast,	1983;	Goldberg	and	Glaubig,	1986;	Goldberg,	1997).	Following	to	the	result	in	Figures	 6.17a	 and	 6.17b,	 an	 ability	 of	 both	materials	was	 shown	 to	 adsorb	 boron	from	 leachate	with	 almost	 73	 and	 80	 percent	 of	 boron	 anion	 removal	 by	HB	 clay	mixture	and	bentonite	clay	mixture,	respectively.	 In	addition,	 the	decreasing	graph	of	boron	removal	on	with	the	time	the	HB	clay	mixture	was	observed.	Finally,	the	last	ion	which	was	concerned	in	this	study,	bromine	was	analyzed.	The	soluble	bromine	anion	adsorption	was	shown	in	Figure	6.18a	and	the	bromine	removal	 percentage	 was	 shown	 in	 Figure	 6.18b.	 Under	 pH	 in	 range	 of	 7	 to	 8,	bentonite	clay	mixture	adsorbs	soluble	bromine,	which	expands	the	adsorbed	zone	of	clay	layer.	In	contrast,	HB	is	not	suitable	to	deal	with	bromine	adsorption.						
6.5	Summary	
		 A	new	role	of	the	HB	was	investigated	to	use	to	amendment	with	compacted	clay	 liner	 in	 landfill	 lining	 system.	 The	 optimized	weight	 percentage	 of	mixture	 of	adsorbent	of	6%	was	determined	to	the	experiment	(Na-Bentonite	6%	+	Clay	and	HB	6%	 +	 Clay).	 Both	 examinations	 due	 to	 geotechnical	 and	 pollution	 concerns	 are	conducted.	In	 case	of	 geotechnical	 concerns,	 the	 standard	 compaction	 test	 (ASTM	698-78)	 and	 hydraulic	 conductivity	 test	 are	 used	 to	 evaluate	 dry	 density	 value	 (rd,	cm3/s)	and	hydraulic	conductivity	value	(k,	m/s),	which	clay-bentonite	6%	mixtures	as	reference	material	showed	47.5%	of	the	optimum	water	content	with	1.08	g/cm3	of	dry	density	and	k	value	is	1.5	x	10-8	m/s,	and	in	case	of	HB	it	was	found	that	52%	of	the	optimum	water	content	with	1.09	g/cm3	of	dry	density	and	2	x	10-8	m/s	of	k	value.	Following	to	these	results,	it	was	concluded	that	HB	and	Na-bentonite	have	a	possibility	 to	 have	 a	 similar	 content	 and	 similar	 in	 k	 value	was	 approved	 that	HB	mixed	with	clay	can	be	used	as	compacted	clay	liner	like	bentonite.	The	interaction	of	waste	and	clay	materials	can	also	cause	the	form	of	positive	ions,	or	cations.	The	
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presence	of	cations	such	as	sodium,	potassium,	calcium,	and	magnesium	can	change	the	clay	structure,	thereby	can	influence	the	hydraulic	conductivity	of	the	liner.		 When	 pollution	 leakage	 was	 concerned,	 heavy	 metal	 and	 toxic	 ions	 are	important	matters	 to	be	evaluated.	A	customized	equipment	 for	 target	experiment	was	 constructed	 to	 conduct	 an	 adsorption	 capacity	 test.	 From	 the	 result,	 removal	capacities	 of	 Clay-HB	mixtures	 to	 heavy	metals	 in	 the	 leachate	were	 found	 in	 the	order	Hg	>	Pb	>	Se	>	Cd	>	As	and	Se	>	Hg	>	Cd	>	Pb	>	As,	it	was	found	in	order	of	the	removal	 capacities	 of	 Clay-Bentonite	mixtures	 to	 heavy	metals	 in	 the	 leachate.	 In	addition,	some	elements	strongly	effecting	to	the	surrounding	environment	such	as	the	 phosphate	 and	 fluoride	 are	 usually	 considered	 as	 the	 main	 ions	 causing	environment	 deterioration	 of	 groundwater.	 In	 this	 case	 Clay-HB	 mixtures	 was	recommended	 to	 applied	 with	 compacted	 clay	 layer	 by	 the	 experimental	 results.	They	 show	a	higher	ability	 to	 adsorb	anionic	 species	 (mostly	 inorganic	 chemicals)	and	 to	 control	 ions	 concentrations.	 In	 contrast,	 Clay-Bentonite	 mixtures	 does	 not	have	 ability	 to	 deal	with	 anionic	 substrate.	 In	 parallel,	 from	 the	 engineering	 view	point,	 the	ability	to	predict	 leaching	rates	of	contaminants	both	cations	and	anions	species	through	soils	to	ground	and	surface	water	is	therefore	essential	for	the	long-term	management	of	a	site	for	disposal	waste.			
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CHAPTER	7	
	
CONCLUSIONS	AND	RECOMMENDATION				This	dissertation	describes	about	the	advanced	study	on	new	leachate	control	systems	by	using	the	hybrid	adsorbent. 	 In	 Chapter	 1,	 background	 of	 a	 current	 situation	 of	 waste	 disposal	 landfill	problems	 and	 comprehensive	 of	 landfill	 leachate	 management	 system	 was	described.	 It	 is	 reported	 that	 growing	 up	 of	 urbanization,	 industrialization,	 and	disaster	 experiences	has	 caused	 social	 concerns	partially	due	 to	an	effects	of	 toxic	elements	 contaminant	 into	 environment.	 According	 to	 limited	 space	 in	 land	 use	especially	 in	 developed	 countries	 attempt	 to	minimize	waste	 and	 leachate	 in	 both	quantity	 and	 quality	 that	 is	 improvement	 of	 pollution	 prevention	 process	 is	necessary.	Because	of	 the	variation	on	 leachate	competition	and	 the	wide	range	of	pollutants	 contained	 in	 leachate,	 it	 is	 difficult	 to	 select	 an	 effective	 treatment	technique	 for	 leachate.	 Various	 methods	 are	 introduced	 to	 deal	 with	 these	requirements	 not	 only	 landfill	 leachate	 but	 also	 in	 term	 of	 leakage	 prevention	system	 by	 lining	 system.	 However,	 just	 a	 few	 researches	 on	 prevention	 system	revision	by	using	adsorbents	have	carried	out.	Under	these	situation,	objectives	and	scopes	of	the	study	are	determined.	In	 Chapter	 2,	 literatures	 and	 reviews	 were	 reviewed	 in	 this	 chapter.	 Since	ground	water	and	surface	water	are	the	source	of	our	portable	water,	they	should	be	protected	 from	 such	 pollutants	 otherwise	 the	 cost	 of	 treating	 drinking	water	will	rise	and	the	diverse	eves	in	surface	water	bodies	will	be	endangered.	Surface	water	is	accepted	a	 large	volume	of	water	 from	both	natural	resource	and	treated	water.	Therefore,	 the	 contamination	 in	 water	 resource	 becomes	 serious	 topic	 especially	discharge	 water	 from	 waste	 disposal	 landfill	 treatment	 plant.	 Because	 landfill	leachate	generally	contains	large	amount	of	heavy	metal,	toxic	chemical,	organic,	and	inorganic	substances,	they	affect	to	environment	and	living	things.	In	Japan,	most	of	
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waste	disposal	was	generated	 from	 incineration	 fly	 ash.	Most	of	heavy	metals	 and	salts	such	as	Cd2+	and	Pb2+,	and	Cl-	are	leaked	from	the	incineration	fly	ash	due	to	the	infiltration	of	rainwater	through	the	fly	ashes.	Leachate	quality	depends	on	various	kinds	 of	 factors	 and	mainly	waste	 disposal	 types,	 climates,	 temperature,	moisture	content.	Each	waste	disposal	landfill	site	has	different	quality	of	leachate.	However,	engineer	 challenge	 this	 issues	 using	 engineering	 techniques	 such	 as	 liner	 system,	final	cover,	seepage	detection	system	and	so	on	prevent	and	control	the	condition	of	landfill	 and	 leachate.	 Generally,	 leachate	 is	 classified	 into	 three	 stages,	 such	 as	aerobic	 stage,	 anaerobic	 stage,	 and	 methanogenic	 stage	 (or	 stabilized	 stage).	 The	most	difficult	stage	occurs	during	transition	from	stage	II	to	stage	III,	and	it	may	take	many	years	or	decades	to	be	completed.	Landfill	leachate	treatment	technologies	can	be	 classified	 as	 follows;	 biological	 methods;	 chemical	 and	 physical	 methods;	 and	membrane	methods.	In	order	to	meet	a	strict	quality	standards	for	direct	discharge	of	leachate	into	the	surface	water,	a	development	of	integrated	methods	of	treatment	is	necessary.	The	 understanding	 of	 a	 history	 of	 MSW	 management	 in	 Japan	 is	 briefly	introduced,	since	1990s,	solid	waste	management	had	become	a	critical	social	issue,	and	 strong	 opposition	 by	 residents	 to	 landfill	 construction	was	 common	 due	 to	 a	NIMBY	reaction.	Concerns	about	landfills	have	been	escalated	after	reports	on	a	leak	from	an	MSW	landfill,	and	environmental	pollution	caused	by	uncontrolled	landfills	of	 industrial	 solid	 waste.	 Under	 such	 social	 pressures,	 in	 1997,	 the	 “standard	 of	landfill	disposal”	was	extended	to	apply	to	every	landfill,	regardless	of	size.	In	2000,	the	 “guidelines	 for	 MSW	 landfill”	 was	 established.	 This	 shift	 opened	 new	technologies.	The	current	condition	of	waste	disposal	landfill	site	in	Japan	revealed	the	 shortage	 of	 landfill	 sites	 become	 a	 serious	 problem.	 The	 incineration	 was	established	 to	 reduce	a	disposal	waste.	Therefore,	 a	 volume	of	waste	disposal	 and	emission	 slightly	 decreased.	 Due	 to	 these	 reviewed	 content,	 from	 the	 engineering	view	 point,	 not	 only	 dumping	 space	 but	 also	 concentrations	 of	 toxic	 element	 and	heavy	metal	should	be	considered	too.	In	 Chapter	 3	 described	 a	 new	 landfill	 leachate	 control	 systems.	 Since	 the	world	is	currently	facing	the	worst	environmental	crisis	in	its	entire	history.	Within	the	 last	 few	decades,	 the	enthusiasm	of	huge	waste	production	and	environmental	
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preservation	 has	 been	 one	 of	 the	 most	 challenging	 topics	 which	 have	 focused	greatest	 public	 concern	 and	 critical	 considerations	 towards	 the	 recovery	 of	contamination	 resources.	 In	 line	 with	 the	 growing	 anxiety	 of	 the	 environment-friendly	 technologies	 and	 achieving	 the	 status	 of	 green	 environmental	 policy,	various	research	and	development	efforts	have	been	advocated	 to	utilize	activated	carbons	contemplated	mainly	for	landfill	leachate	treatment,	in	accruing	worldwide	environmental	 benefit	 and	 shaping	 the	 national	 economy.	 Based	 on	 results	 of	 the	experimental	 study,	 several	 techniques	are	available	 for	 further	 study.	 In	addition,	general	recommendations	for	mitigating	issues	related	to	leachate	pollution	control	are	 given.	 For	 recreation,	not	only	people	prefer	 a	 good	quality	of	 river	water	but	also	they	have	paid	attention	to	meet	the	stringent	standard.	To	meet	the	targets	of	safety	environment,	 landfill	should	have	a	proper	management	system	by	 focus	on	landfill	 leachate,	 the	HB	 is	 introduced	 in	 this	chapter,	 synthesize	of	HB	carried	out	NLDH	and	Ze	are	used	to	produced	HB	by	mixing	with	appropriated	ratio.	NLDH	is	known	as	anion	removal	while	Ze	is	known	as	cation	removal	of	these	two	benefits	brought	 out	 advanced	 characteristic	 of	 HB,	 which	 can	 adsorb	 both	 anionic	 and	cationic	ions.	These	merits	were	evaluated	by	SEM	method,	which	showed	that	cubic	shape	 of	 Ze	 embedded	 NLDH	 and	 attached	 on	 the	 surface	 of	 NLDH.	 Conversely,	process-target	 water	 normally	 contains	 both	 cations	 and	 anions.	 Hence,	 if	 the	aforementioned	ion	adsorbent	is	used	in	solo,	either	one	of	cations	or	anions	can	be	adsorbed.	Landfills	are	designed	 to	dispose	high	quantities	of	waste	at	economical	costs	with	potentially	 less	environment	effects.	The	concepts	of	proposed	methods	per	the	basic	concept	of	MSW,	such	as	application	of	hybrid	adsorbent	as	temporary	cover	 soil	 layer	 between	 dumping	 waste	 layer,	 leachate	 treatment	 by	 hybrid	adsorbent	 in	 adsorption	 process	 and	 use	 of	 the	 HB	 to	 leachate	 collection	 pipe	 as	filter	 layer,	 and	 Improvement	 of	 liner	 layer	 by	 hybrid	 adsorbent	 to	 enhance	 the	efficiency	 of	 landfill	 leachate	 treatment	 are	 introduced.	 Each	method	has	 different	purposes	 and	 functions.	However,	 these	 three	method	have	 an	 intersection	points	that	are	to	enhance	a	quality	of	landfill	leachate	and	to	protect	a	harmful	substance.	 	In	Chapter	4,	the	improvement	of	a	temporary	cover	layer	by	the	new	hybrid	adsorbent	is	described	in	this	chapter.	The	application	of	the	new	hybrid	adsorbent	as	temporary	cover	layer	(middle	cover	layer)	was	described.	The	concept	of	design	
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proposes	a	simplest	method	with	a	high	 function	 for	use.	Since	sand	widely	use	 in	conventional	temporary	cover	material,	high	hydraulic	conductivity	value	and	have	significant	 biological	 process	 inside	 dumping	 waste,	 air	 can	 pass	 through	 waste	layer.	 However,	 sand	 used	 as	 temporary	 cover	material	 does	 not	 have	 significant	adsorption.	The	HB	amended	sand-temporary	cover	 layer	was	used	by	mixed	with	sand.	 Beside	 the	 HB,	 PAC	 and	 sand	mixed	 and,	 pure	 sand	 are	 used	 to	 evaluate	 a	possibility	on	using	the	new	hybrid	adsorbent	amended	sand	for	temporary	cover.		The	 study	 revealed	 that	 ions	 concentrations	 were	 significantly	 changes	during	 dumping	 waste	 in	 each	 new	 dumping	 cell.	 Heavy	 metals	 appeared	 in	 the	leachate	varies	and	depends	on	originate	of	waste	dumping.	Concentrations	of	heavy	metals	 in	 a	 landfill	 are	 generally	 higher	 at	 earlier	 stages	 because	 of	 higher	metal	solubility	 in	 a	 result	 of	 low	 pH	 caused	 by	 production	 of	 organic	 acids.	 It	 is	 now	recognized	that	of	trace	elements	are	readily	formed	and	accumulated	in	soils,	and	because	this	process	is	largely	irreversible,	repeated	applications	of	amounts	excess	of	 plant	 needs	 eventually	contaminate	 a	 soil	 and	 may	 either	 render	 it	 non-	productive	or	the	product	unusable.	The	 ions	 adsorption	 capacity	 following	 to	 the	experimental	 results,	 which	 were	 found	 the	 adsorption	 capacity	 trend	 during	dumping	waste	 cells	 and	after	 close	 cells.	The	 result	pointed	out	 that	PAC	and	HB	gave	the	same	results	unlike	sand,	which	cannot	adsorb	any	ions.	Despite,	against	to	PAC,	HB	is	good	at	to	retain	an	adsorption	ability	and	adding	new	ions	concentration	amount	in	effect	to	the	adsorption	ability.	In	Chapter	5,	 landfill	 leachate	 treatment	by	using	the	new	hybrid	adsorbent	into	 adsorption	 process	 was	 evaluated.	 The	 adsorption	 process	 widely	 use	 to	primary	 leachate	 treatment	 as	mentioned	 above,	 characteristic	 of	 the	 new	 hybrid	adsorbent,	 it	 is	 possible	 to	 apply	 to	 leachate	 treatment.	 A	 lab-scale	 experimental	columns	were	 created	 and	 tested	 under	 two	 conditions,	 that	 is	 one	 column	 series	and	two	continuous-column	series.	The	results	of	the	fixed	bed	column	adsorption	studies	carried	out	during	present	research	suggest	that	the	designed	the	HB	have	high	efficiency	for	adsorptive	removal	of	heavy	metals	from	leachate	solution.	The	fixed	bed	adsorption	columns	of	the	HB	to	remove	ions	from	leachate	water	using	the	data	collected	through	continuous	type	laboratory	column	studies.	The	results	pointed	 out	 that	 the	 HB	 was	 influenced	 with	 both	 anion	 species	 and	 cation	adsorption.	Moreover,	most	 of	 ions	was	 adsorbed	 by	 the	HB	within	 a	 few	hours,	
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which	means	if	there	are	any	accidentals	circumstance	the	HB	can	protect	harmful	from	heavy	metals	and	toxic	substance	immediately.		In	Chapter	6,	compacted	clay	layer	was	used	as	lining	system	in	landfill	site.	The	 main	 property	 of	 liner	 consists	 of	 alternating	 layers	 of	 low	 and	 high	permeability	 materials	 that	 perform	 barrier	 functions	 and	 drainage/filtration	functions,	 respectively.	The	 two	basic	 types	of	 liner	 systems	are	 single	and	double	liner	 systems.	 Single	 liner	 systems	 include	 a	 hydraulic	 barrier	 layer	 overlain	 by	 a	high	 permeability	 layer	 known	 as	 the	 leachate	 collection	 system.	 Double	 ones	include	 two	hydraulic	barrier	 layers	 that	 are	 separated	by	 a	drainage	 layer,	 called	the	 leak	 detection	 system,	 and	 overlain	 by	 the	 leachate	 collection	 system.	 The	selected	 weight	 percentage	 of	 mixture	 of	 adsorbent	 of	 6%	 was	 applied	 to	 the	experiment	 (Na-Bentonite	 6%	 +	 Clay	 and	 HB	 6%	 +	 Clay).	 The	 experimental	programs	were	divided	into	two	programs,	geotechnical	test	and	water	quality	test.	In	 case	of	 geotechnical	 concerns,	 the	 standard	 compaction	 test	 (ASTM	698-78)	and	hydraulic	conductivity	test	were	used	to	evaluate	dry	density	value	(rd,	cm3	s-1)	and	hydraulic	conductivity	value	(k,	m	s-1),	which	clay-bentonite	6%	mixtures	as	reference	material	showed	47.5%	of	the	optimum	water	content	with	1.08	g/cm3	of	dry	density	and	k	value	is	1.5	x	10-8	m	s-1and	in	case	of	HB	found	that	of	52%	of	the	optimum	water	content	with	1.09	g/cm3	of	dry	density	and	2	x	10-8	m	s-1of	k	value.	Following	to	these	results	concluded	that	HB	and	Na-bentonite	have	a	possibility	to	have	a	similar	content	and	similar	in	k	value	it	was	approved	that	HB	might	be	mix	with	clay	and	possible	to	use	as	compacted	clay	liner	like	bentonite.	The	interaction	of	waste	and	clay	materials	can	also	cause	the	leach	of	positive	ions,	or	cations.	The	presence	of	cations	such	as	sodium,	potassium,	calcium,	and	magnesium	can	change	the	clay	structure,	thereby	can	influence	the	hydraulic	conductivity	of	the	liner.	Besides,	 water	 quality	 was	 concerned	 about	 heavy	 metal	 and	 toxic	 ions,	which	are	important	matters	to	be	evaluated.	From	the	result,	removal	capacities	of	Clay-HB	mixtures	to	heavy	metals	in	the	leachate	were	in	the	order	Hg	>	Pb	>	Se	>	Cd	>	As	and	Se	>	Hg	>	Cd	>	Pb	>	As,	and	was	found	in	order	of	the	removal	capacities	of	Clay-Bentonite	mixtures	to	heavy	metals	in	the	leachate.	It	can	be	recommended	to	apply	Clay-HB	mixtures	compacted	clay	layer	by	the	reason,	it	shows	a	higher	ability	to	 adsorb	 anionic	 species	 (mostly	 inorganic	 chemicals)	 and	 to	 control	 ions	concentrations.	 In	 contrast,	 Clay-Bentonite	 mixtures	 does	 not	 have	 ability	 to	 deal	
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with	 anionic	 substrate.	 In	 parallel,	 from	 the	 engineering	 view	 point,	 the	 ability	 to	predict	 leaching	 rates	 of	 contaminants	 both	 cations	 and	 anions	 through	 soils	 to	ground	and	surface	water	is	therefore	essential	for	the	long-term	management	of	a	site	for	disposal	waste.	Finally,	a	methodology	for	more	site-specific	overlap	criteria	based	on	index	testing	should	be	adopted.	Current	studies	contain	insufficient	data	in	details	on	soil	testing;	volumetric	shrinkage,	volumetric	swelling,	consolidation	characteristics,	and	compressive	 strength.	Besides,	 there	are	many	possible	 combinations	of	a	 suitable	lining	systems	regard	to	individual	layer	system	or	system-wide	operation,	depends	on	which	ways	are	manipulated.	Therefore,	not	only	soil	testing	but	also	feasibility	of	lining	 pattern	 should	 be	 adopted.	 Through	 which	 way	 to	 study	 and	 gain	 an	understanding	 of	 ions	 adsorption	 behavior	 phenomena,	 select	 and	 design	reasonable	engineering	operations,	and	predict	possibility	situations,	which	may	be	occurred	so,	as	to	provide	warning	of	their	occurrences	in	nature.		
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APPENDIX	A.	
	
Standards	for	Verification	(hazardous	substances	containing	wastes)	
Disposal	method	 Landfill	 Dumping	at	sea	
Hazardous	substances	 Cinder	dust	
sludge	slag	
(mg/l)	
Organic	
sludge	
(mg/kg)	
Waste	acid	
waste	
alkali	
(mg/l)	
Inorganic	
sludge	
(mg/l)	
alkylmercury	compounds	 ND	 ND	 ND	 ND	
mercury	and	its	compounds	 0.005	 0.025	 0.025	 0.0005	
cadmium	and	its	compounds	 0.3	 0.1	 0.1	 0.01	
lead	and	its	compounds	 0.3	 1	 1	 0.01	
organic	phosphorous	compounds	 1	 1	 1	 ND	
chromium	(VI)	compounds	 1.5	 0.5	 0.5	 0.05	
arsenic	and	its	compounds	 0.3	 0.15	 0.15	 0.01	
cyanides	 1	 1	 1	 ND	
PCBs	 0.003	 0.003	 0.003	 ND	
trichloroethylene	 0.3	 0.3	 0.3	 0.03	
tetrachloroethylene	 0.1	 0.1	 0.1	 0.01	
Dichloromethane																																		0.2																										0.2																							0.2																					0.02	
carbon	tetrachloride	 0.02	 0.02	 0.02	 0.002	
1,2-dichloromethane	 0.04	 0.04	 0.04	 0.004	
1,1-dichloroethylene	 0.2	 0.2	 0.2	 0.02	
cis-1,2-dichloroethylene	 0.4	 0.4	 0.4	 0.04	
1,1,1-trichloroethane	 3	 3	 3	 1	
1,1,2-trichloroethane	 0.06	 0.06	 0.06	 0.006	
1,3-dichloropropene	 0.02	 0.02	 0.02	 0.002	
thiuram	 0.06	 0.06	 0.06	 0.006	
simazine	 0.03	 0.03	 0.03	 0.003	
thiobebncarb	 0.2	 0.2	 0.2	 0.02	
benzene	 0.1	 0.1	 0.1	 0.01	
selenium	and	its	compounds	 0.3	 0.1	 0.1	 0.01	
organic	chlorine	compounds	 -	 4	 4	 1	
copper	and	its	compounds	 -	 10	 10	 0.14	
zinc	and	its	compounds	 -	 20	 20	 0.8	
fluorides	 -	 15	 15	 3	
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beryllium	and	its	compounds	 -	 2.5	 2.5	 0.25	
chromium	and	its	compounds	 -	 2	 2	 0.2	
nickel	and	its	compounds	 -	 1.2	 1.2	 0.12	
vanadium	and	its	compounds	 -	 1.5	 1.5	 0.15	
phenol	 -	 20	 20	 0.2																																									
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Establishment	of	Environmental	Quality	Standards		
for	Groundwater	Pollution	Environmental	Quality	Standards	(EQS)	for	groundwater	pollution	were	issued	in	1997	and	they	are	required	to	be	maintained	in	order	to	protect	human	health.	As	a	result	of	additions	made	in	 1999,	 2000,	 2001,	 2011,	 and	 2012,	 EQS	 now	 regulate	 28	 hazardous	 substances	 and	 items	including	heavy	metals,	volatile	organic	carbons,	and	etc.		
Item	 Standard	Values	
cadmium	 0.003mg/liter	or	less	
total	cyanogen	 not	detectable	
lead	 0.01mg/liter	or	less	
chromium	(VI)	 0.05mg/liter	or	less	
arsenic	 0.01mg/liter	or	less	
total	mercury	 0.0005mg/liter	or	less	
alkyl	mercury	 not	detectable	
PCB	 not	detectable	
dichloromethane	 0.02mg/liter	or	less	
carbon	tetrachloride	 0.002mg/liter	or	less	
vinyl	chloride	monomer	 0.002mg/liter	or	less	
1,2-dichloroethane	 0.004mg/liter	or	less	
1,1-dichloroethylene	 0.1mg/liter	or	less	
1,2-dichloroethylene	 0.04	mg/liter	or	less	
1,1,1-trichloroethane	 1mg/liter	or	less	
1,1,2-trichloroethane	 0.006mg/liter	or	less	
trichloroethylene	 0.03mg/liter	or	less	
tetrachloroethylene	 0.01mg/liter	or	less	
1,3-dichloropropene	 0.002mg/liter	or	less	
thiram	 0.006mg/liter	or	less	
simazine	 0.003mg/liter	or	less	
thiobencarb	 0.02mg/liter	or	less	
benzene	 0.01mg/liter	or	less	
selenium	 0.01mg/liter	or	less	
nitrate	nitrogen	and	nitrite	
nitrogen	
10	mg/liter	or	less	
fluoride	 0.8	mg/liter	or	less	
boron	 1	mg/liter	or	less	
1,4-dioxane	 0.05mg/liter	or	less	
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Environmental	Quality	Standards	for	Soil	Pollution	
	Environmental	 Quality	 Standards	 (EQS)	 for	 soil	 pollution	 were	 issued	 in	 August	1991.	 As	 a	 result	 of	 additions	made	 in	 February	 1994,	 the	 EQS	 now	 regulate	 25	substances.	 Guidelines	 for	 Investigation	 and	 Countermeasures	 for	 Soil	 and	Groundwater	 Pollution	 were	 established	 in	 November	 1994,	 to	 ensure	 smooth	implementation	of	surveys	and	countermeasures	based	on	the	EQS	and	Evaluation	Standards	Relevant	to	Soil	and	Groundwater.	Administrative	guidance	is	provided	to	 polluters	 to	 urge	 them	 to	 clean	 up	 polluted	 soil	 voluntarily	 under	 these	guidelines.		
Substance	 Target	level	of	soil	quality	examined	through	leaching		
and	content	tests	
cadmium	 0.01	mg/l	in	sample	solution	and	less	than	0.4mg/kg	in	rice	for	agricultural	land	
total	cyanide	 not	detectable	in	sample	solution	
organic	phosphorus	 not	detectable	in	sample	solution	
lead	 0.01	mg/l	or	less	in	sample	solution	
chromium	(VI)	 0.05	mg/l	or	less	in	sample	solution	
arsenic	 0.01	mg/l	or	less	in	sample	solution,	and	less	than	15	mg/kg	in	soil	for	agricultural	land	(paddy	fields	only)	
total	mercury	 0.0005	mg/l	or	less	in	sample	solution	
alkyl	mercury	 not	detectable	in	sample	solution	
PCBs	 not	detectable	in	sample	solution	
copper	 less	than	125	mg/kg	in	soil	for	agricultural	land	(paddy	fields	only)	
dichloromethane	 0.02	mg/l	or	less	in	sample	solution	
carbon	tetrachloride	 0.002	mg/l	or	less	in	sample	solution	
1,2-dichloroethane	 0.004	mg/l	or	less	in	sample	solution	
1,1-dichloroethylene	 0.02	mg/l	or	less	in	sample	solution	
cis-1,2-dichloroethylene	 0.04	mg/l	or	less	in	sample	solution	
1,1,1-trichloroethane	 1	mg/l	or	less	in	sample	solution	
1,1,2-trichloroethane	 0.006	mg/l	or	less	in	sample	solution	
trichloroethylene	 0.03	mg/l	or	less	in	sample	solution	
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tetrachloroethylene	 0.01	mg/l	or	less	in	sample	solution	
1,3-dichloropropene	 0.002	mg/l	or	less	in	sample	solution	
thiuram	 0.006	mg/l	or	less	in	sample	solution	
simazine	 0.003	mg/l	or	less	in	sample	solution	
thiobencarb	 0.02	mg/l	or	less	in	sample	solution	
benzene	 0.01	mg/l	or	less	in	sample	solution	
selenium	 0.01	mg/l	or	less	in	sample	solution		
Remark:	The	above	standards	are	not	applicable	to:	1)	Places	where	natural	toxic	substances	exist	such	as	near	mineral	veins,	and	2)	Places	designated	for	storage	of	toxic	materials	such	as	waste	disposal	sites.	
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WATER	QUALITY	STANDARDS	IN	JAPAN		
Environmental	Water	Quality	Standards	for	protecting	human	health	
Item	 Standard	Values	Cadmium	Cyanide	Organic	phosphorus2	Lead	Chromium	(hexavalent)	Arsenic	Total	mercury	Alkyl	mercury	PCB	
0.01mg/l	or	less															Not	detectable															Not	detectable															0.1mg/l	or	less							0.05mg/l	or	less							0.05mg/l	or	less							0.005mg/l	or	less								Not	detectable																								Not	detectable		Source:	Environmental	Water	Quality	Standards	(Dec.	28,	1971,	Amendment	1974,	1975,	1982,	1985)(Environmental	Agency,	Japan	1992)		Notes:		1.	Maximum	values.	But	regarding	total	mercury,	standard	value	is	based	on																				the	yearly	average	value	2.Organic	phosphorus	includes	parathion,	methyl	parathion,	methyl	demeto																		and	E.P.N.	3.	Standard	value	of	total	mercury	shall	be	0.001mg/l	in	case	river	water																			pollution	is	known	to	be	caused	by	natural	conditions.												
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Uniform	National	Effluent	Standards	(Last	updated:	May	25,	2012)		
Items	related	to	the	protection	of	human	health	
Toxic	Substances	 Permissible	Limits	cadmium	and	its	compounds	 0.1	mg/l	cyanide	compounds	 1	mg/l	organic	phosphorus	compounds	(parathion,	methyl	parathion,	methyl	demeton	and	EPN	only)	 1	mg/l	lead	and	its	compounds	 0.1	mg/l	sexivalent	chrome	compounds	 0.5	mg/l	arsenic	and	its	compounds	 0.1	mg/l	total	mercury	 0.005	mg/l	alkyl	mercury	compounds	 Not	detectable	PCBs	 0.003	mg/l	trichloroethylene	 0.3	mg/l	tetrachloroethylene	 0.1	mg/l	dichloromethane	 0.2	mg/l	carbon	tetrachloride	 0.02	mg/l	1,	2-dichloro	ethane	 0.04	mg/l	1,	1-dichloro	ethylene	 1mg/l	cis-1,	2-dichloro	ethylene	 0.4	mg/l	1,	1,	1-trichloro	ethane	 3	mg/l	1,	1,	2-trichloro	ethane	 0.06	mg/l	1,	3-dichloropropene	 0.02	mg/l	thiram	 0.06	mg/l	simazine	 0.03	mg/l	thiobencarb	 0.2	mg/l	benzene	 0.1	mg/l	selenium	and	its	compounds	 0.1	mg/l	boron	and	its	compounds	 Non-coastal	areas	10	mg/l	
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Coastal	areas	230	mg/l	fluorine	and	its	compounds	 Non-coastal	areas	8	mg/l	Coastal	areas15	mg/l	ammonia,	ammonium	compounds,	nitrate	and	nitrite	compounds	 100	mg/l	(Total	of	ammonia,-N	multiplied	by	0.4,	nitrate-N	and	nitrite-N)	1,4-dioxane	 0.5mg/l	Source:	http://www.env.go.jp/en/water/wq/nes.html	
Notes:	For	some	specified	establishes,	provisional	effluent	standards	are	applied.Prefectures	may	set	stricter	effluent	standards	than	the	national	effluent	standards.	
Remark:	"Not	 detectable"	 means	 that	 when	 the	 substances	 are	 measured	 by	 the	method	specified	by	the	Minister	of	the	Environment	based	on	the	Article	2	of	 the	 provision,	 the	 amount	 is	 less	 than	 the	 quantitative	 limit	 defined	 by	that	method.	The	effluent	standards	for	arsenic	and	its	compounds	are	not	applied	for	the	present	 to	 the	 effluents	 of	 commercial	 facilities	 belong	 to	 hotel	 business	industry	using	the	hot	spring	(	Hot	Spring	Law	Paragraph	1,Article	2	(Law	No.125,	 1948)	 provides,	 the	 same	 shall	 apply	 hereinafter)	 which	 had	actually	 gushed	 out	 when	 *the	 government	 ordinance	 as	 below	 was	enforced.								
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Items	related	to	the	protection	of	the	living	environment	
Living	Environment	Items	 Permissible	Limits	hydrogen	ion	activity	(pH)	 Non-coastal	areas	5-8-8.6	Coastal	areas	5.0-9.0	Biochemical	Oxygen	Demand	(BOD)	 160	mg/l	(Daily	Average	120	mg/l)	Chemical	Oxygen	Demand	(COD)	 160	mg/l	(Daily	Average	120	mg/l)	suspended	solids	(SS)	 200	mg/l	(Daily	Average	150	mg/l)	n-hexane	extracts	(mineral	oil)	 5	mg/l	n-hexane	extracts	(animal	and	vegetable	fats)	 30	mg/l	phenols	 5	mg/l	copper	 3	mg/l	zinc	 2	mg/l	dissolved	iron	 10	mg/l	dissolved	manganese	 10mg/l	chromium	 2	mg/l	number	of	coliform	groups	 Daily	Average	3000/cm3	nitrogen	 120	mg/l	(Daily	Average	60	mg/l)	phosphorus	 16	mg/l	(Daily	Average	8	mg/l)		
Remark:	1. The	permissible	limit	by	'daily	average'	is	provided	for	the	average	contaminated	status	of	effluent	per	day.	2. The	 effluent	 standards	 listed	 in	 this	 table	 apply	 to	 the	 effluents	 of	 factories	 or	commercial	facilities	which	discharge	50m3	or	more	of	effluent	per	day	on	average.	3. The	effluent	standards	for	hydrogen	ion	activity	(pH)	and	dissolved	iron	are	not	applied	to	 the	 effluents	 of	 factories	 or	 commercial	 facilities	 belong	 to	 the	 sulfur	 mining	
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industry	(including	mining	industry	which	mines	pyrites	coexisting	with	sulfur).	4. The	 effluent	 standards	 for	 hydrogen	 ion	 activity	 (pH),	 copper,	 zinc,	 dissolved	 iron,	dissolved	manganese	and	chromium	are	not	applied	for	the	present	to	the	effluents	of	 commercial	 facilities	 belong	 to	 hotel	 business	 industry	 using	 the	 hot	 spring	which	had	substantially	gushed	out	when	the	*government	ordinance	as	below	was	enforced.*The	 government	 ordinance	 to	 amend	 a	 part	 of	 Enforcement	 Order	 of	Water	 Pollution	 Control	 Law	 and	 a	 part	 of	 Enforcement	 Order	 of	 Waste	Management	and	Public	Cleaning	Law	(Government	Ordinance	No.363,1974)	5. The	effluent	 standards	 for	biochemical	 oxygen	demand	 (BOD)	exclusively	 apply	 to	 the	effluents	 discharged	 into	 public	 waters	 other	 than	 seas	 and	 lakes,	 the	 effluent	standards	 for	 chemical	 oxygen	 demand	 (COD)	 exclusively	 apply	 to	 the	 effluents	discharged	into	seas	and	lakes.	6. The	effluent	standards	for	nitrogen	content	exclusively	apply	to	effluents	discharged	into	the	 lakes	 designated	 by	 the	Minister	 of	 the	 Environment	 as	 being	 susceptible	 to	lake	 phytoplankton	 blooms	 due	 to	 nitrogen,	 sea	 areas	 (including	 lakes	 which	chlorine	 ion	 content	 of	 water	 is	 beyond	 9,000mg/l,	 the	 same	 shall	 apply	hereinafter)	designated	by	the	Minister	of	the	Environment	as	being	susceptible	to	marine	phytoplankton	blooms	due	to	nitrogen,	and	public	waters	which	flow	into	above	water	areas.	7. The	effluent	standards	for	phosphorus	content	exclusively	apply	to	effluents	discharged	into	*the	lakes	designated	by	the	Minister	of	the	Environment	as	being	susceptible	to	lake	phytoplankton	blooms	due	to	phosphorus,	*the	sea	areas	designated	by	the	Minister	of	the	Environment	as	being	susceptible	to	marine	phytoplankton	blooms	due	to	phosphorus,	and	public	waters	which	flow	into	the	above	water	areas.	*'the	 lakes	 designated	 by	 the	Minister	 of	 the	 Environment':	 the	 lakes	 concerned	with	 the	effluent	standards	for	nitrogen	content	or	phosphorus	content	based	on	the	Environment	Agency	Notice	No.27,1985	*'the	 sea	 areas	designated	by	 the	Minister	 of	 the	Environment':	 the	 sea	 areas	 concerned	with	 the	 effluent	 standards	 for	 nitrogen	 content	 or	 phosphorus	 content	 based	 on	 the	Environment	Agency	Notice	No.	67,1993				
	 -	155	-	
	
APPENDIX	B.	
	
	
	
		
			Eh-pH	diagrams	of	the	system	As-O-H	(2).	[As]T	=	10−10	M,	298.15K,	105	Pa.															 	
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Figure 12: Eh-pH diagrams of the system As-O-H (2).
∑
As = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	B-O-H	(1).	[B]T	=	10−10	M,	298.15K,	105	Pa.				
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Figure 14: Eh-pH diagrams of the system B-O-H (1).
∑
B = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	B-O-H	(2).	[B]T	=	10−10	M,	298.15K,	105	Pa.																					
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Figure 15: Eh-pH diagrams of the system B-O-H (2).
∑
B = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	Br-O-H.	[Br]T	=	10−10	M,	298.15K,	105	Pa.		
7 9 11 13531
0.0
-0.2
-0.4
-0.6
-0.8
0.2
0.4
0.6
0.8
1.0
1.2
pH
Eh
(V
)
7 9 11 13531
0.0
-0.2
-0.4
-0.6
-0.8
0.2
0.4
0.6
0.8
1.0
1.2
pH
Eh
(V
)
7 9 11 13531
0.0
-0.2
-0.4
-0.6
-0.8
0.2
0.4
0.6
0.8
1.0
1.2
pH
Eh
(V
)
7 9 11 13531
0.0
-0.2
-0.4
-0.6
-0.8
0.2
0.4
0.6
0.8
1.0
1.2
pH
Eh
(V
)
Br[-]
BrO3[-]
Br[-]
BrO3[-]
BrO4[-]
Br (FACT/FACTSAGE) Br (SUPCRT/FLASK-AQ)
Br (LLNL/GWB) Br (JNC-TDB/GWB)
Br[-]
Br[-]
Br2(l)
BrO3[-]
Figure 21: Eh-pH diagrams of the system Br-O-H.
∑
Br = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Ca-O-H	(1).	[Ca]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 24: Eh-pH diagrams of the system Ca-O-H (1).
∑
Ca = 10−10, 298.15K, 105 Pa.
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	Eh-pH	diagrams	of	the	system	Ca-O-H	(2).	[Ca]T	=	10−10	M,	298.15K,	105	Pa.				
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Figure 25: Eh-pH diagrams of the system Ca-O-H (2).
∑
Ca = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Cd-O-H	(1).	[Cd]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 26: Eh-pH diagrams of the system Cd-O-H (1).
∑
Cd = 10−10, 298.15K, 105 Pa.
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	Eh-pH	diagrams	of	the	system	Cd-O-H	(2).	[Cd]T	=	10−10	M,	298.15K,	105	Pa.																							
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Figure 27: Eh-pH diagrams of the system Cd-O-H (2).
∑
Cd = 10−10, 298.15K, 105 Pa.
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				 Eh-pH	diagrams	of	the	system	Cl-O-H.	[Cl]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 30: Eh-pH diagrams of the system Cl-O-H.
∑
Cl = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Cr-O-H	(1).	[Cr]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 35: Eh-pH diagrams of the system Cr-O-H (1).
∑
Cr = 10−10, 298.15K, 105 Pa.
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	Eh-pH	diagrams	of	the	system	Cr-O-H	(2).	[Cr]T	=	10−10	M,	298.15K,	105	Pa.																					
7 9 11 13531
0.0
-0.2
-0.4
-0.6
-0.8
0.2
0.4
0.6
0.8
1.0
1.2
pH
Eh
(V
)
CrO4[2-]
HCrO4[-]
Cr[3+]
Cr2O3(s)
Cr[2+]
Cr (HATCHES/FLASK-AQ)
Figure 36: Eh-pH diagrams of the system Cr-O-H (2).
∑
Cr = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	F-O-H	(1).	[F]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 45: Eh-pH diagrams of the system F-O-H (1).
∑
F = 10−10, 298.15K, 105 Pa.
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	Eh-pH	diagrams	of	the	system	F-O-H	(2).	[F]T	=	10−10	M,	298.15K,	105	Pa.																				
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Figure 46: Eh-pH diagrams of the system F-O-H (2).
∑
F = 10−10, 298.15K, 105 Pa.
99
	 -	168	-	
	
		Eh-pH	diagrams	of	the	system	Hg-O-H	(1).	[Hg]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 54: Eh-pH diagrams of the system Hg-O-H (1).
∑
Hg = 10−10, 298.15K, 105 Pa.
116
	 -	169	-	
	Eh-pH	diagrams	of	the	system	Hg-O-H	(2).	[Hg]T	=	10−10	M,	298.15K,	105	Pa.																						
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Figure 55: Eh-pH diagrams of the system Hg-O-H (2).
∑
Hg = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	K-O-H	(1).	[K]T	=	10−10	M,	298.15K,	105	Pa.			
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Figure 60: Eh-pH diagrams of the system K-O-H (1).
∑
K = 10−10, 298.15K, 105 Pa.
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	Eh-pH	diagrams	of	the	system	K-O-H	(2).	[K]T	=	10−10	M,	298.15K,	105	Pa.																							
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Figure 61: Eh-pH diagrams of the system K-O-H (2).
∑
K = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Mg-O-H	(1).	[Mg]T	=	10−10	M,	298.15K,	105	Pa.	
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Figure 67: Eh-pH diagrams of the system Mg-O-H (1).
∑
Mg = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Mg-O-H	(2).	[Mg]T	=	10−10	M,	298.15K,	105	Pa.																						
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Figure 68: Eh-pH diagrams of the system Mg-O-H (2).
∑
Mg = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	N-O-H	(1).	[N]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 73: Eh-pH diagrams of the system N-O-H (1).
∑
N = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	N-O-H	(2).	[N]T	=	10−10	M,	298.15K,	105	Pa.																							
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Figure 74: Eh-pH diagrams of the system N-O-H (2).
∑
N = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	Na-O-H	(1).	[Na]T	=	10−10	M,	298.15K,	105	Pa.	
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Figure 75: Eh-pH diagrams of the system Na-O-H (1).
∑
Na = 10−10, 298.15K, 105 Pa.
158
	 -	177	-	
		Eh-pH	diagrams	of	the	system	Na-O-H	(2).	[Na]T	=	10−10	M,	298.15K,	105	Pa.																							
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Figure 76: Eh-pH diagrams of the system Na-O-H (2).
∑
Na = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	P-O-H	(1).	[P]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 86: Eh-pH diagrams of the system P-O-H (1).
∑
P = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	P-O-H	(2).	[P]T	=	10−10	M,	298.15K,	105	Pa.																					
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Figure 87: Eh-pH diagrams of the system P-O-H (2).
∑
P = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	Pb-O-H	(1).	[Pb]T	=	10−10	M,	298.15K,	105	Pa.	
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Figure 90: Eh-pH diagrams of the system Pb-O-H (1).
∑
Pb = 10−10, 298.15K, 105 Pa.
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			Eh-pH	diagrams	of	the	system	Pb-O-H	(2).	[Pb]T	=	10−10	M,	298.15K,	105	Pa.																							
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Figure 91: Eh-pH diagrams of the system Pb-O-H (2).
∑
Pb = 10−10, 298.15K, 105 Pa.
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	 -	182	-	
			Eh-pH	diagrams	of	the	system	S-O-H	(1).	[S]T	=	10−10	M,	298.15K,	105	Pa.		
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Figure 106: Eh-pH diagrams of the system S-O-H (1).
∑
S = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	S-O-H	(2).	[S]T	=	10−10	M,	298.15K,	105	Pa.																						
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Figure 107: Eh-pH diagrams of the system S-O-H (2).
∑
S = 10−10, 298.15K, 105 Pa.
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		Eh-pH	diagrams	of	the	system	Se-O-H	(2).	[Se]T	=	10−10	M,	298.15K,	105	Pa.						 			
Eh-pH Speciation Diagrams for CHEM 301 Assign #2, Question 1 
The Atlas of Eh-pH Diagrams, Geological Survey of Japan, Open File Report No. 419 (2005) 
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NOTATION			 Dimensions	 are	 given	 in	 parenthesis	 after	 the	 description.	 Numbers	 in	brackets	after	dimension	refer	to	equations	in	which	symbols	are	first	used	or	defined.		A	 =	Area	of	cell	(m2),[2.1]	A		 =	Cross-section	of	soil	sample(m),[6.3]	a		 =	Cross-section	of	tube(m),[6.1]	a		 =	Adsorptive	capacity	of	waste	(m3/t),[2.1]	Co			 =	Initial	concentration	(mg/L),[3.1]	C				 =	Residual	concentration	(mg/L),[3.1]	Ce					 =	Final	concentrations	(mg/L),[3.2]	ER		 =	Effective	rainfall	(use	actual	rainfall	(R)	for	active	cells)	(m),[2.1]	h0		 =	Height	of	water	table	at	time	t0,[6.5]	ht		 =	Height	of	water	table	at	time	t,[6.5]	I	 =	Surface	area	of	lagoon	(m2),[2.1]	IRCA	 =	Infiltration	through	restored	and	capped	areas	(m),[2.1]	L		 =	Height	of	soil	sample	(m),[6.3]	Lo		 =	Leachate	produced	(m3),[2.1]	LW		 =	Liquid	waste	(also	includes	excess	water	from	sludge)	(m3),[2.1]	qe	 =	Metal	amount	sobbed	on	the	sorbent	mass	(mg/g),[3.2]	S				 =	Concentration	of	adsorbent	in	the	mixture	(g/L),[3.2]	V		 =	Change	of	volume	between	time	t0	and	time	t	(cm3),[6.1]	W	 =	Weight	of	waste	deposited	(t/a)	,[2.1]	BOD	 =	Biochemical	oxygen	demand	
CAC	 =	Commercial	activated	carbon	
CCL	 =	Compacted	clay	liner	
CEC	 =	Cation	exchange	capacity	
COD	 =	Chemical	oxygen	demand	
HB	 =	The	hybrid	adsorbent	
HRT	 =	Hydraulic	retention	time	
MSW	 =	Municipal	solid	waste	
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NIMBY	=	Not-in-my-backyard	
NLDH	 =	Nano-size	layered	double	hydrotalcite	
PAC	 =	Powdered	activated	carbon	
Ze	 =	Zeolite	
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